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THE MOVING OF HEAVY BODIES IN 
ANTIQUITY. 


ARCHITKCTS are not ignorant of the fact that an- 
cient peoples in the construction of their buildings 
employed stones that were much larger than those 
used to-day. All those who travel through ancient re- 
gions look with astonishment and admiration at these 
gigantic structures whose walls, lintels, cotumms and 
entablatures are formed of materials of extraordinary 
dimensions. How did the ancient builders manage to 
carry and put in place so huge blocks of stone? We 


Allsuch inconveniences were avoided by the Chinese, 
who still utilize these primitive methods. In fact, the 
artillery buildings at Hong-Kong were wholly con- 
structed by Chinese laborers under the direction of 
Maj. Edward Aldrich, R.E., who found that these 
men were ignorant of the science of mechanies and 
were little disposed to make use of it. Four hundred 
and sixty-two granite columns, each weighing 4,300 
pounds, were carried from the quarries to the scene of 
operations 2,600 feet distant, by 36 men, arranged as 
shown in Fig. 2, Fig. 3 shows the arrangement of the 





building timber and of the bamboos, from which the 








Fig. 1.—BUILDING TIMBER CARRIED 


UPON THE SHOULDERS. 


possess no works capable of informing us as to the 
processes of construction of that epoch, and it is neces- 
sary to have recourse to the sparse information fur 
nished us by history, ruins, mural paintings and sculp- 
tures. Such testimony has been collected and pre- 
sented in the Engineering Magazine in a very sugges- 
tive manner by Mr. W. F. Durfree, an American civil 
engineer. 


L—THE LIFTING AND CARRIAGE OF HEAVY BODIES. 


Going back to primitive times, the author teaches us 
that, in order to lift and carry large masses, direct use 
was made of the muscular power of a sufficient num- 
ber of men to produce the desired effect without the 
intervention of machines or apparatus. The heavy 
pieces of framework and the planks employed in the 
construction of vessels were carried up inclined planes, 
as shown in Fig. 1, which represents a number of la- 
borers bearing a beam upon their shoulders. 

It was difficult to make certain that each man ear- 
ried his share of the burden properly, since the irregu- 
larity of the ground alone prevented an equal distribu- 
tion of the load. Certain masses possessed such a form 
that it was impossible to obtain a good hold of them, 
although the weight was not excessive. 


Fra. 4- ANCIENT USE OF THE DRAG. 


Fig. 5.—EGYPTIAN FUNERAL BARGE CARRIED UPON A DRAQ@. 
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3.—CHINESE METHOD OF CARRYING 


though the Egyptians and Assyrians were already fa- 
miliar with the use of wheeled vehicles, we do not 
think that they employed them for the carridge of 
building materials. The drag alone was used for such 
a purpose, and this was sometimes drawn by oxen and 
often by a large number of men. 

A painting found at El-Mausara represents a drag (a 
trace of which we tind to-day in the stone boat) 
loaded with hewn stone and drawn by six oxen (Fig. 
4). Funeral barges were carried upon drags in Egypt 
(Fig. 5). A colossus was carried from a tomb situated 
at El-Bersheh upon a drag drawn by men. 
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LOADS UP AN INCLINED 


PLANE. 


column was suspended by means of lashings and of 
rods serving as balancing poles. The junction of the 
different parts of this very simple and very ingenious 
mechanism was such that each man placed at the ex- 
tremity of a bamboo had to support an equal portion 
of the load. None of them could complain of his part 
of the work, considering in what it consisted, nor exe- 
crate the irregularities of the road to be traveled. 

In order to effect the carriage of one of these col- 
umns, the men walked in step, changed their pace 
from time to time and at the same moment shifted the 
load from one shoulder to the other. 

The drag appears to have been the favorite vehicle 
of the ancient Egyptians and Assyrians for the car- 
riagé of heavy loads. We do not believe that wagons 
were known in the primitive times of these countries, 
although mural paintings and sculptures show us carts 
and chariots, the latter rather constituting apparatus 
of military equipment. According to Diodorus Sieu- 
lus, Sesostris (2600 C.) had 27,000 chariots, and 
Joshua (1450 B. C.) teaches us that the Canaanites pos- 
sessed iron chariots. Salom (1000 B. C.) obtained a 
chariot from Egypt at a cost of 600 shekels of silver 
(about $160) that served as a model for the 114 chariots 
placed in the fortified city of Judea. However, al- 











The ancient Assyrians seem to have copied after 
the Egyptians in the use of the drag. Two sculptures 
discovered at Nineveh by Layard show the operation 
of carrying a bull having a human head. Rollers were 
employed under this drag, and the use of a lubricant 
therefore became unnecessary. This also dispeused 
with the presence of a man constantly occupied in 
oiling, as the practice was in Egypt. In order to set 
the drags in motion and ease the posterior extremities 
in case of depressions in the road, large levers were 
employed. Capstaus, ropes, rollers and levers were 
provided in abundance. Some men were oceupied in 
throwing aside the stones and other objects from the 
route that the drag was to follow. 

The Egyptians excelled all the other people of an- 
tiquity in the art of getting out large blocks of 
stones and carrying them to great distances. In the 
plain of Quorreh there are two colossal wonolithie 
statues of the time of Amenophis III (about 1400 B.C.), 
one of which, representing the musician Memnon, is 
57 feetin height and weighs about 100 tons. Hero- 
dotus relates that 2,000 men were occupied for three 
years in carrying from Elephantine to Sais, at the 
order of Amasis (569 to 565 B.C.), a block of stone that 
was to be used as a small temple or sanctuary. This 
block measured 314g x 22 x 12 feet, externally, and 
2844 xX 18 x 74 internally. Its weight was about 400 
tons, 

The carriage of great masses by water was fre- 
quently practiced in the two Assyrias and Egypt. A 











Fig. 6.—PACONIUS’ METHOD OF CARRYING 


THE 


BASE OF A COLOSSAL STATUE 


OF APOLLO, 
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bass relief of Kovunjick (2000 B. C.) represents stones 
earried by means of a train of wood supported by in- 
flated bladders, It is absolutely certain that the lime- 
stone used in the pyramids of Gizeh (3200 to 960 B. C.) 
were carried in part by water, since the quarries 
whence it came were situated to the east of the Nile. 

Pliny says that the obelisks were carried by river 
upon two flat bottomed boats connected side by side, 
and introduced into a basin exeavated at right an- 
gles upon the edge of the river, under the obelisk. 
These boats were previously ballasted with a weight 
of sand equal to that of the block to be earried, 
Then, when they were well in place, the sand was 
removed, the boats arose and the obelisk took the 
place of the sand. Pliny attributes the invention of 
this process to a Phenician, but gives no date. 

The invention of certain very ingenious processes 


for the carriage of columns in the rough and large 
rectangular blocks is also attributed to the archi- 
tects and engineers of Asia Minor. Chersiphron, 


the architect of the great temple of Diana at Ephe- 
sus (600 to 560 B. C.), one of the seven wonders of 
the world, exeented the designs for 127 columns of 


white marble 60 feet in height and 7 in diameter. 











“to take,” and zodts, *‘city”). The Greeks attri- 
buted the invention of them to Demetrius Poliorcetes, 
| who utilized them at the siege of Rhodes (305 B. C). 
Once filled with armed men, the tower was drawn 
toward the point selected for the attack. The men 
who maneuvered the cables were protected by the 
tower itself. As soon as the latter reached a point 
near enough to the invested place, two drawbridges 
were lowered upon the wall of the city and a portion 
of the men making the assault rushed upon these 
bridges and took possession of the position nearest the 
point of attack. einforeements were sent upon the 
bridge, and, during this time, tne defenders of the place 














Fig. 7.—CHERSIPHRON’S METHOD OF CARRY- | 
ING THE COLUMNS OF THE TEMPLE OF | 
DIANA. 


Metagenes’ modification of the process (to the left) 


According to Vitruvius, this architect, finding that 
the roads were not firm enough to support the 
weight of sueh columns upon vehicles, as the wheels 
would easily penetrate the earth. invented a frame 
consisting of four planks inclosing the column, which 
was simpiy rough hewn. To the center of each ex- 
tremity he fixed a large bolt sealed in the stone witn 
lead and the projecting part of which passed into 
iron bearings that were held in wooden crosspieces. 
Oaken rods to which were fixed iron hooks and | 
rings permitted of the harnessing of oxen to the 
whole. The animals in walking caused the revolu-| 
tion of the column, which was thus drawn, not with- | 
out great difficulty, to Ephesus, that is to say, to a| 
distance of 8 miles, 

Pursuing the idea of Chersiphron, his son Metage- | 
nes, who succeeded him as architect of the temple, in- 
vented a process for the carriage of the architraves, 
some of which were 30 feet in length. He constructed 
large and strong wheels, 12 feet in diameter, between 
which he attached the architrave, provided with large 
bolts placed at the extremities and entering the bear- 
ings of the crosspieces of the frame, as wiih the col- 
umns. Oxen harnessed by means of hooks drew the | 
stone, as we have said above (Fig. 7.) 

In the time of Vitruvius (about 30 years B. C.) a cer- 
tain Paconius undertook to carry from the quarry the 
base, 12 feet in height, 8 in width, and 6 in length, of a 
colossal statue of Apollo. 

The machine, although similar to that of Metagenes, 
differed slightly therefrom in the details of construc- 
tion. It consisted of twostrong wheels, 13 feet in diam- 
eter, fixed to the extremities of the stone. These two 
wheels were connected by spindles, around which 
wound a cable to which the oxen were attached, 
Vitruvius tells us that, as the cable never drew | 

















Fig. 8—MOVING OF A MASONRY TOWER RY; 
AN ARCHITECT OF BOLOGNA (FIFTEENTH 
CENTURY). 


from a fixed central point, the apparatus went con- 
tinually from the right to the left, and vice versa, and 
did not fulfill the end intended. M. Perrault is sur- 
prised that the idea did not oecur to Paconius to add 
a second cable, which would have rendered the trac- | 
tion uniform. 

Along the processes employed by ancient engineers | 
for moving large masses, we may mention the method | 
of displacement of wooden towers used in the attack 
of fortified places, 

These towers were called “ heleopoles” (from #Aezr, 





Fie. 9 APPLICATION OF THE 


| were assailed with arrows, stones and other missiles 


thrown from the summit of the tower, which was al- 
ways high enough to command the point attacked. 
Some of these towers were a hundred feet in height 
Anne Commene (born in 1803) thus describes, in her 
Alexiad, a tower employed at the siege of Duvas: “It 
was square and of such a height that it surpassed all 
the towers of the city. It was decided to descend 
upon the walls of the city by means of bridges and to 
fall with irresistible impetuosity upon those who de- 
fended it. It was a fearful spectacle to behold, even 
from a distance. The tower advanced like a giant 
with rapid strides that nothing could resist. It was 


| provided with numerous apertures through which the 


men fired without cease. The upper story was filled 
with warriors, arms in hand, whose attack was con- 
tinuous,” 

The carriage of the obelisk of Seringapatam (toward 
1815) from the quarry to its proposed site, at a distance 
of two miles, was effected by native laborers of India, 
without the aid of any European. The following is a 
deseription of it as given by Col. Wilkes: ‘*The 
vehicle upon which the shaft of the obelisk was car- 
ried from the quarry was supported by eight wheels 
or rollers, four of which were placed externally and 
four internally. It required about 600 men to draw 
the obelisk, and the operation was very fatiguing.” 

Fig 8 gives an idea of the method of moving a 
masonry tower employed by an architect of Bologna 
in the fifteenth century. The operation was analogous 


to that of the moving of the heleopole of Demetrius, . 


but in this case large rollers, instead of wheels, were 
employed. 


Il.—REMOVAL OF HEAVY BODIES AND PUTTING THEM 
IN PLACE. 


The value of the inclined plane as a means of raising 

















Fie. 10..—USE OF A CRANE FOR ATTACKING 
A TOWER. 


heavy objects to great heights was recognized by man 
at an early period. 

Asa preliminary to the construction of the great 
pyramid, the engineers of Kufu (Cheops, 3050 B. C.) 
constructed an inelined plane of masonry in order to 
raise the stones from the level of the river to that of 
the platform upon which the pyramid was to rest. 
The height was 164 feet above the mean level of the 
lowest water of the Nile. This sloping causeway was 
8,000 feet in length and 60 in width. On the east side 
it was contiguous to a canal that communicated with 
the Nile. It was by this route that it was possible, 








PROCESS OF LIFTING MATERIALS 
DESCRIBED BY HERODOTUS 


through boats, to bring the stones from the quarry 
and deliver them promptly at the foot of this vast in. 
cline, up which they were doubtless drawn by means 
of drags moved by men or animals, 

In quarries, ete., processes were formerly employed 
that our modern workmen bave integrally preserved 
for raising and turning over stunes, Thus, a hewn 
stone was raised by inclining it and placing blocks of 
wood under each of its faces alternately. This method 
was not used for lifting stones to a great height, but 
simply for moving them to a distance of a few feet. It 
necessitated an insignificant amount of manual labor, 
A very ancient method of turning over a stone con. 




















sisted in placing a piece of wood under it so as to 
make it tilt in such a way that it required but a 
small amount of foree to handle it. In cases where it 
was desired to turn a stone end for end, another pro- 
cess just as old was employed. The rotation was ef. 
fected upon a block of wood whose under surface was 
rough hewn and which acted as a pivot. 

We do not know for certain the methods employed 
by the builders of the great pyramid for putting thie 
stones of the latter in place, but it is probable that thie 
methods described above were put to profit. Hero- 
dotus tells us that after the stones of the base hid 
been laid the others were raised to their place by 
means of machines formed of short wooden planks. 
One machine raised them from the ground up to the 
level of the first course, and upon the latter another 
machine received tne stone and carried it to the second 
course. while a third machine raised it still higher. 
From Herodotus’ description, a practical machime to 
the carriage of stones has been deduced by De Goguet. 
Fig. 9 seems to us sufficiently clear to allow us to dis- 
pense with a fuller explanation. The idea of a * com- 
pound lever” with a swinging motion was inspired by 
the ancient Egyptians, the inventors of the * shadoof.” 
This machine, which is found upon the banks of th 
Nile, from its delta as far as to Ethiopia, was used by 
the ancients for raising water. Layard found traces 












of it in a bass relief of the mines of Nineveh. In Persis 
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Fie. 11.—ANCIENT FOUNDRY CRANES. 


















and other parts of Asia, the shadoof was in common 
use. In this apparatus, we find the first application 
of one of the simplest of mechanisms for raising bulk 
materials and putting them in place. These kinds 
apparatus are at present grouped underthbe generié 
name of ‘*cranes,” 

The crane consisting of a rocking lever was used in 
ancient military operstious either foratteck, as show! 
in Fig. 10, or for defense. Such apparatus were eu! 
ploved by Archimedes* for the destruction of thé 
vessels of Marcellus at the siege of Syracuse (214-2 
B. C.) In 1676 the Italians made use of long leve 
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suspended by ashort chain provided with hooks for 
the unloading of boats. 

Wilkinson states that the ancient Egyptians were 
not unacquainted with the pulley. One of these ap- 
paratus, recently discovered, has been deposited in the 
museum of - * en. 

In his escription of the 
the obelisk of Seringapatam, Dr. 
that it was raised by laborers who aided each 
other with crowbars bearing upon planks parallel with 
the obelisk, and who rammed down the earth solidly 
in measure asthe shaft arose. This method doubt-| 
less offered the maximum of security. It is probable 
that the Egyptian method did not offer as much secur- 
itv as that of the Indians, for Pliny states that Ramees 
(1250 B. C.) bad an obelisk 99 x 8 feet constructed, 
upon which he employed 20,000 men, and fearing that 
the engineers wight not take sufficient precaution, 
seeing the feeble power of the machine as compared 
with the weight to be raised, had his own sou attached | 
to the top of the obelisk in order to more efficaciously 
guarantee the preservation of the work, 

The idea of a crane with a vertical post and a hori 
zontal ji» was doubtless suggested by the arrange-| 
ment of the trunk and branches of a tree. Fig. 11| 
represents one of these cranes utilized in foundriesin the 
middle of the sixteenth century. A crank acts through 
the intermedium of several gear wheels upon a chain 
winding around a drum. We remark here the evi- 
dences of a carriage rolling along the jib of the crane, 
bul it is impossible to see by what means it could have 
been set in motion. 

Bee: eranes were constructed at abont the same 

‘h for the bandling of stones. They were provided 
me h a double rotary and horizontal motion. We still 
mest with cranes of this kind in factories and quar- 


construction 





ries, upon river wharfs and in seaports. They are 
much less clumsy, however, and as soon as they reach 
ahigh power they are actuated by means of steam or 


«‘ectrie motors, and it is possible for a boy to aid in 
the loading and unloading of several tons of material 
without effort. 

long with the crane, properly so called, we must 
mention the shears, a machine much used in artillery 
for ye large guns and placing them upon their car- 
and in places where —— is going on for rais- | 





ris 
ing mé satarials of construction. It does not suppose a 
knowledge of gear wheels, for here it is the pulley that 
plovs the most important role. This pulley is placed 
at ‘he summit of a frame formed of three spars, two of 


which are connected at the bottom by a crosspiece 
and at the top by an iron bolt. A rope wound around 


the pulley supports the weight to be lifted at one of 
its extremities and at the other end passes over a wind- 
lass that is maneuvered by means of levers. The third 
spar is movable and permits of assuring the stability 
of fhe apparatus. In most casesthis spar is replaced 


in constructions by a guy rope whose free extremity is 
attached to a tree or house or any other firmly estab- 
lished object. 

linally, when it is desired to raise a heavy weight, 
itis preferred in constructions to use the derrick, 





whieh consists of a vertical mast and a windlass. The 
mast, which is held in position by strong guys, is pro- 
vided at the top with an arm earrving tackle at its 


extremities. These, however, 
that do not exactly come within the scope of our arti- 
ele. —Le Monde Moderne. 


SINGLE DRIVER LOC OMOTIVES. 
VE illustrate in this issue a very interesting locomo- 


tive. which has been recently built at the Baldwin 
Locomotive Works for the Philadelphia and Reading 


Railroad. The novel appearance of the engire is due 
to the absence of the trailing pair of driving wheels | 
and the usual coupling rods, 

(his is not the first appearance of single drivers in 


the States; a few of this type having been built and 
put in aetive service in the pioneer days of ruilroad- 


ing. But, for various reasons, they met with little fa- 
vor, and quickly fell into disuse. 

lor hauling fast trains that make long journeys 
with few stops, the single driver has long been a favor- | 
ite in England, where they have given great satisfac- 
tion. That they have not hitherto been built for 
American service aay, no doubt, largely be accounted 
: rv by the fact that to gain the necessary adhesion | 

th one pair of wheels it is necessary to put a very 
he ivy load upon them—much heavier than the light 
rails, which were used on our roads up to afew years | 
azo, could safely carry. Other things being equal, it 

the eylinder capacity of a loe omotive which deter- 
mit es its power; but the size of eylinders them- 
selves must be governed by the adhesive power of the 
driving wheels. 

\s the eylinder power of the American  loco- 
motive inereased, the designers preferred to couple on 
an extra pair of wheels, rather tian increase the load 
on those already in use; and hence we find a good 
many roads that are using six coupled drivers on the 
locomotives that are built for hauling heavy trains at 
hich speed. 

Of late years, however, American track bas been 
vastly improved, and it is safe to say that some 
of the Eastern roads possess a roadbed that is not 
surpassed by any in the world. The 90 pound and 100 
pound steel rails now in use will carry with safety the 
maximum loads that could be put on locomotive driv- 
er 

The new Philadelphia and Reading engine has no 
less than 24 tons load on its single pair of driving 
wheels, which are 7 feet in diameter. The two high 
pressure cylinders are 13 inches in diameter, and the 
two low pressure are 22 inches; the stroke being 26 
inches and the steam pressure 200 pounds. It is said 
to be giving very satisfactory service. 

One of the chief advantages of the single driver sys- 
tem is that it contributes to smoothness of running. 
By dispensing with the outside coupling rods the dif- 
ficulties of counterbalancing are very considerably re- 
duced. The counterbalance excess is comparatively 
small; and the destructive hammering action upon 
the rails resulting from this excess is brought down to 
&aminimum. Coupling rods have long been regarded 
as a necessary evil. For many years they were con- 
tinually giving way under the severe bending strains 
to whieb they were subject. The tee sections that 


of | larger, or vice versa. 
Kennedy states | some economy in maintenance resulting from the re- 


are recent apparatus - 





have been very generally adopted of late years have 





met this difficulty, it is true ; 
ing problem still exists. 

If there should be any variation in the wear of the 
coupled wheels, so that their diameters do not agree, 
there will be a serious amount of friction set up; for, 
being coupled, the smaller wheel will drag upon the 
In the single driver there will be 


but the counterbalanc- 


duced number of wearing surfaces, this being reduced 
by the amount of four coupling rod ends, 

It is not contended that the four coupled and six 
coupled express locomotive will be supplanted by the 
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main connecting rod traneneite motion to the main 
crank, and thence by another rod to a second bell 
erank lever, which works a lift pump in a well. 

The duty of this pump was to lift water from a cooling 
pond situated in some gardens outside the works into 
an upper culvert and reservoirs in the yard for con- 
densing and other purposes, For works driving it ap- 
pears to have been used for several important tools ; its 
main shaft being below the ground level was in position 
for driving the famous vertical boring bar, illustrated 
in our issue of September 27, 1895, whie th, it will be 
seen, receives its motion from below the saddle plate, 








EIGHT WHEELED LOCOMOTIVE FOR THE 


single driver. For hauling heavy trains at high speed, 
that make frequent stops, these engines are admirably 
adapted. 

On the other hand, for hauling the fastest long dis- 
tance expresses that make few stops, we think it quite 


| possible that the new type will be found in every way 


more econowical and effective. 


A CURIOUS OLD STEAM ENGINE. 


WE have spoken and written, says the London 
Engineer, with a feeling of no little admiration upon 
the subject of the machine tools made and used_ so ef- 
feetively in Watt’s day. and we now have the pleasure 


| to place before our readers a freehand sketch of a type 
}of engine which very few of the present generation 


ean have seen. Itseems to have been designed by the 
late James W: att during the lifetime of his father, and 
is probably 75 years old, and having regard to the cele- 
brated tools which, through the courtesy of Mr. H. 
Darlington, the manager for the firm, we have 
time to time been enabled to describe, we gladly cou- 
ple with them the satisfactory performances of this 
engine, from which some of the principal tools derive 
their motion, and which appears to be as capable of | 
discharging its duty in the future as in the past. 

The peculiarity of its design caused it to be known 
as the * bell crank” engive. In all probability the 


| dual work with which it was called upon to deal was | * 


the necessity which brought forth its general arrange- 
ment, adapted, as will be seen, both for pumping and 
tool driving. 

With regard to the former capacity, our general 
view will show the lower arms of the bell crank levers 
coupled by a cross bar, from the center of which the 

















from | 


PHILADELPHIA AND READING RAILROAD. 


Large lathes also and machine tools in the screwing 
shops were driven by this engine, among the latter be- 
ing a heavily geared tapping machine. Messrs. James 
Watt & Company were no_ believers in thread cut- 
ting otherwise than by tapping, as is universally done 
in dealing with small sizes; but here were to be seen 
ponderous tools for the production of nuts to fit 
threads of 5in, diameter, the taps being as long as 2 
ft. Gin. 

We are informed that the vacuum of this engine was 
so good that it could boast of enough and to spare, 
and that a 6 in. pipe was connected with the ecouden- 
ser of a 24 horse power beaw engine in an adjacent 
building for the purpose of reducing the inefficiency of 
the latter. In all other respects, we understand its 
character has universally been that it was ready for 
work night and day for weeks together. This ever 
ready quality wasa necessity, becaure the engine drove 
the boring bar which could boast of such capacities as 
those mentioned in our description of this particular 
tool. Its working pressure was that usually adopted 
| in those far off days, viz.,101b. The main shaft, which 
|}is square, is below the ground level, and is carried 
j}upon pedestals supported upon brick piers, and the 
rocking shaft upon which the bell crank levers are 
keyed has its bearings just above the ground level, 
The air pump is worked from the horizontal arms of 
| the side levers, and the eccentric rod is thrown out of 
gear by means of the disengaging apparatus, so much 
used in those days, which acts in opposition to the gra- 
vity of the rod. 





Diameter of evlinder 18 in.; stroke = 26 in. 
Diameter of air pump = 15 in.; stroke = 11 in. 
Diameter of well pump —103 in. ; stroke 19 in. 
Diameter of fly wheel = 11 ft. 6 in. 








"It wh i 
ri - 





- —— 
axons 


ets 


PA 


iit Ai , 
THE “i ie suai 


Hes ett et 


A CURIOUS OLD WATT ENGIN 















































— 
—= “ 
we 
Yi fj Se 
Ny . 
> S m 
—— “AP, (@) h i] 
Doris 
< fag 
8); Z 
oy et 
gy 
> 
<3 i! ' TMA Wi fing - 
Hf 2 
1) 
tr ile 
win itt 
ie) iN? \ 1a Ry 0 
' 1. 00 bit 
) 7 Neat HL 
{ly ‘ \ _ 
t 
Hh y {uh ww wf 
" Mh 4 mm ip 
Wi ia mut 
iit 2 4 
x 4 i 
im #45 & 


tae 


E, SOHO FOUNDRY, ENGLAND. 





16938 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 1060. 








Apri. 25, 1896. 








The well pump is about 43 ft. from the main shaft, 
and its lift is about 15 ft., the stroke of 19in. being due 
to unequal leverage of its bell crank arms. The slide 
valve is worked from the top of the steam chest by side 
rods connected with levers on a rocking shaft off the 
wain frame, and the engine is controlled by the old 
type of fly ball governor—one of Watt’s minor yet 
most essential inventions. 

In concluding our several notices of these far-famed 

















mantling this substantial and well-tested collection of 
machinery. They have plenty of room for new tools, 
and some of the old will be useful for almost any 
heavy work, 








MULTIPLE BORING AND DRILLING 
MACHINES. 


WE show in the accompanying cuts types of mul- 


works, almost coincident with the hundredth anni-| tiple boring and drilling machines which have recently 
versary of the memorable inauguration of 1796, we} been published in the Engineer and Engineering. The 
do so with feelings of regret that the works have not! smaller of the two machines has been patented by 
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TWENTY-FOUR SPINDLE 


been more successful, and it only remains for us to 
chronicle the fact that in making a large radial suction 
pipe, 24 in. diameter, for the Warsaw Waterworks, 
the famous firm of James Watt & Company, of Soho 
Foundry, Smethwick, poured their last ladle of metal 
at 4:50 P. M. on Wednesday, September 18, 1895. 

We add with pleasure that Messrs. W. & T. Avery, 
who are now the proprietors, having purchased the 
establishment upon a valuation, as a going concern— 
but not until the contents of the mint had been scat- 
tered—have decided to carry on the works under the 
style and title of James Watt & Company, without 
removing some of the machine tools of which we have 
been able to speak so highly. 
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Messrs, Cunliffe & Croom, of the Broughton Iron 
Works, Manchester. The main object for which the 
machine has been constructed is for boring and ream- 
ering two pulleys at one operation, and it consists of a 
circular table 36 in. diameter, provided with bolt 
grooves, for securing the fixings to it, and accurately 
divided into five divisions, so that, when the table is 
rotated and the stop peg pressed home into the coni- 
cal steel bush, the boring tool and reamer are in their 
exact positions for operating in a combined manner 
upon the work to be done, the boring tool to bore the 
pe and the reamer to finish it. When the drill 
rxeadstock is in its highest position of adjustment, ob- 
jects 12 in. deep can be rotated on the table, allowing 





meter and of the standard length. The extent of self- 
acting down feed is adjustable to a maximum of 10 in,, 
and the headstock can be adjusted vertically to com. 
pensate for the shortening by wear and tear of twist 
drills, ete., and still give the same amount of down 
feed and clearance under the drills. The space between 
the uprights is 20 in., the depth between the table and 
the cross beam 14 in., and the machine occupies a 
space of 5 ft. 4in. by 3 ft. 9 in. by 6 ft. 7 in., with a 
weight of about two tons. By the above arrangement 





MULTIPLE DRILLING MAC 


the machine is enabled to work continuously, the only 
time lost being the few seconds required to rotate the 


HINE. 


table to the next division. The machine illustrated, 


as already stated, has been designed for two spindles.) 


The number of spindles can, however, be increased to 
three, four, five or six, according to the space occu- 
pied by the article to be operated upon. 

In the other illustrations is shown a multiple drill- 
ing wachine, carrying twenty-four spindles, and 
specially designed by its maker, Mr. Alfred Herbert, 
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Messrs. Avery have decided to abstain from dis-' for thickness of cramps, and a twist drill 114 in. dia- 
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from Dover to Calais, could certainly drop them into 
the sea in dangerous proximity. 
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Limited, Coventry, for drilling the holes in the finger 
pars and knife bars of reaping and mowing machines. 
The conditions to be met comprise the simultaneous 
drilling of twenty-four holes of from 4 in. to yy in. 
diameter, at a nominal pitch of 3 in., but this pitch 
has to be capable of slight adjustment. As constructed 
each spindle is carried in a separate head, which is 
bolted by means of a T slot to the cross bar of the 
machine, and so arranged that a slight side adjust- 
ment can be given -to each head. At the same time 
each spindle can also be adjusted vertically, so that it 
ig not. necessary to use drilling bits of equal length in 
allthe sockets. This is accomplished by placing the 
lower sleeve in which each spindle runs in a split 
socket, to which it can be clamped by tightening up 
the bolts clearly visible in Fig. 1. The driving pulleys 
are nounted on a second fixed sleeve running in bear- 
ings at the top of the spindle brackets. The spindles 
pass through these sleeves, to which, however, they 
are connected by a loosely fitting a The end 
thrusts of the drills are taken on ball collars of hard- 
ened steel. The driving pulleys are staggered, as will 
be seen on reference to Fig. 1. This arrangement ad- 
mits of the ae being pushed close, without 
necessitating the use of very small driving pulleys. 
The machine is driven from a horizontal shaft at the 
back (see Fig. 2), at one end of which a cone pulley is 
fitted, giving two changes of speed. On this horizon- 
tal shaft are four pairs of machine cut bevel gears, 
driving four short vertical shafts. On the upper end 
of each vertical shaft is fitted a wide drum, divided in 
its center by a flange. A group of three of the upper 
row of driving pulleys is driven by an endless belt, 
running over adjustable idlers from the upper portion 
of ‘he drum on the upright shaft, while a group of 
three of the lower row of pulleys is driven in a similar 
manner from the lower portion of this drum. The 


Krupp’s Practice Ground at Meppen. 





The extraordinary velocities which have lately been 
obtained from experimental guns 50 to 80 calibers in 
length make a range of 21 miles a possibility of the 
near future; though we are not aware that sucha 
age has been achieved or authentically made pub- 
ic. 

We present three cuts which illustrate in a very 
graphic manner the course followed by a 94 inch shot, 
which was actually fired some years ago at Krupp’s 
practice ground, at Meppen, Germany. They were 
published by the company and incorporated in their 
catalogue at the time. he first cut illustrates the 
flight of the shot across the practice ground. The 
point at which it fell agreed very closely with the cal- 
culated position. The second and third cuts show a 
plan view and profile of that section of the Alps lying 
between Pré St. Didier and Chamonix which includes 
the famous Mont Blane. 

The same gun is supposed to be set up at Pré St. 
Didier and fired with an elevation of 45 degrees at 
Chamonix. ‘The shot, weighing nearly one-fourth ton, 
would rise to an extreme altitude of 4,;$5 miles, or over 
a wile higher than Mont Blanc, and sweeping across 
the whole range in a majestic curve, it would fall 
into Chamonix, 124%; miles from the starting place ! 

Another famous shot from a smaller gun was that 
known asthe ‘‘Jubilee Round,” which was fired at 
Shoeburyness, England, in 1888, the year of the 
Queen’s Jubilee. The gun was a 9°2 inch rifle of the 
wire wrapped type. A 380 pound shot was fired with a 
muzzle velocity of 2,360 foot seconds at 45 degrees ele- 
vation. The range was 12°4 miles, or almost exactly 
that of the Krupp gun, and, as in the latter case, the 
calculated and actual range were surprisingly close. 

The possible range of existing guns, not to mention 
the improved types of the future, may be judged from 





the fact that the Elswick Works, of Newcastle, Eng- 
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adjustable idler pulleys admit of the belts being tight- 
ened up, and it will be seen that the only gearing in 
the driving motion consists of the four pairs of bevel 
wheels, which, however, run at a comparatively low 
speed, so that the vibration and noise of high speed 
gear are avoided, The feed motion is effected by 
raising the table by means of a long wedge, which 
bears on steel rollers. This arrangement supports the 
table practically throughout its whole length, and 
avoids any sagging. The wedge is fed forward by 
means of a screw and train of change wheels, so that 
any desired rate of feed can be obtained. The feed 
motion is thrown off automatically at any desired 
point by a clutch, and there is a quick return for low- 
ering the table. The work is submerged in suds dur- 
ing drilling, so that the trouble of lubricating the 
twenty-four spindles by means of separate dripping 
pipes is avoided, and a thoroughly efficient lubrication 
> obtained. The weight of the machine is 2 tons 
5 ewt. 





THE FLIGHT OF A MODERN PROJECTILE. 


On the walls of Dover Castle the visitor is shown 
an ancient gun of unusual size, which for several 
centuries has pointed its muzzle at the opposite cliffs 
of France, distant some twenty miles, Cut into the 
metal in rude letters is the following inscription : 

“Sponge me well and keep me clean ; 
Tll throw a shot to Calais Green.” 

As Calais is some 21 miles distant from the castle, it 
is safe to say that the burghers and their families were 
left in undisturbed possession of *‘The Green.” If this 
medieval relic was ever fired, the passing ships had 
only to keep a mile orso clear of the castle to be safely 
beyond its range. 

Not so, however, with modern ordnance. There are 
guns in existence which, if they could not throw shells 
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made work fora thousand at better paid and less ex- 
hausting labor. 

He who invented this process justly deserves great 
honor among men. The world, therefore, not always 
ungrateful, has hastened to pay honor to Bessemer, 
whom it regards as its inventor, but great as is his de- 
sert, he is not the original inventor of the essential 
and fundamental feature of this process. This eredit 
is claimed for William Kelly, a Pittsburger, who, in 
1847, atleast seven years before Bessemer discovered 
the process, claims to have conceived and successfully 
practiced this invention. 

I think it not amiss, therefore, at this meeting of the 
American Institute of Mining Engineers in Pittsbury, 
that ite president should place before its members the 
claim of a Pittsburger to be the original inventor of 
this process, which has done so mach to build up 
Pittsburg’s industries, and should state the evi- 
dence to support this claim. In doing this I hope I 
shall in no respect detract from the credit justly due 
Bessemer and Mushet, and may I not add Fritz and 
Hunt, and all the others in whom the “ flame of good 
fellowship and affection ” is still burning brightly, and 
Holley and Jones, and all the others *‘ whose living 
fire has fluttered thin and pale at the lips” and “ whom 
loving hands have turned down that they may be cast 
in a better mould.” 

Before presenting the evidence to support Mr, Kel- 
ly’s claim, there are two preliminary questions that 
should be discussed. 

1. Who is the original inventor of a process ? 

2. What is the essential or fundamental principle or 
idea of the so-called Bessemer process ? 

This will lead— 

3. To the statement of Mr. Kelly’s claim to be the 
original inventor of this process, of the evidence to 
prove this claim, and to the discussion of this evidence, 
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FLIGHT OF A MODERN PROJECTILE. 


land, have turned out a hooped quick-fire gun with 
which a velocity of 4,928 feet* a second has been re- 
alized, which is more than twice that of the “ Jubilee 
Shot.” This enormous velocity--nearly a mile a sec- 
ond—was obtained from a 6 inch gun, firing 194 
pounds of “ cordite.” 


THE BESSEMER PROCESS CONTROVERSY. 
Presidential Address by Jos. D. WEEKs.* 


THE notable inventions in iron and steel making in 
the century just closing are Neilson’s hot blast, the so- 
called Bessemer process, the open hearth process and 
the basic modifications of these lattertwo. Of these 
four the most important beyond question is that pro- 
cess whose essential feature is the decarburization of 
pig iron by blowing atmospheric air through the metal 
in amolten state, ina word what is called the Besse- 
mer process, 

In this presence it is not necessary to speak of the 
metallurgical importance of this invention. It made 
possible the rapid manufacture of a malleable product 
of iron in large quantities and masses, of any carbon, 
at alow cost. Its commercial and economic importance 
cannot be measured. The part it has played in facili- 
tating transportation and reducing its cost, and thus 
binding together nations and states, advancing civiliz- 
ation, and adding to the sum of human comfort and 
happiness, gives ita rank next to the steam engine. 
What it has done for labor no one who has watched 
the exhausting toil of the puddler and the fiery ordeal 
of the *‘ puller-out” at the crucible furnace need be 
told. In a literal sense the sweat has been wiped from 
the face of labor, while for every man it threw out of 
employment at the finery or puddling furnace it has 





* Annual presidential address delivered B-'y. Pittsburg meeting of the 





Institute of Mining pu in the American 
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First.—Who is the original inventor of a process ? 

This question has frequently been passed upon by 
the Supreme Court of the United States, which has 
again and again held that every invention contains 
two elements : 

(1) An idea conceived by the inventor. (2) An appli- 
eation of that idea tothe production of a practical re- 
sult. Neither of these elements is alone sufficient. An 
unapplied idea is not an invention. (See Robinson on 
Patents, Book 1, Prgf. 77.) The inventor, therefore, 
is the one who conceives an idea and successfully prac- 
tices it, and the original or first inventor is the one 
who first does these two things. 

Further, our Supreme Court holds that an inventor 
does not have to state, nor even recognize, all the re- 
sults of the invention in order that he may claim 
these results. ‘An invention, though made only for 
one purpose, is sometimes capable of serving many.” 
“That these modes of employing his invention are un- 
foreseen does not affect his position or his rights as an 
inventor so faras his invention isconcerned. The law 
regards him as the owner of the invention for any and 
every purpose to which it can be applied, and thus se- 
eures to him the entire benefit of his original idea.” 
(Robinson on Patents.) 

Second.—What is the essential or fundamental 
principle or idea of the so-called Bessemer process ? 

No one will doubt the competency of Alexander L. 
Holley to answer this question. He said in 1871, ‘The 
essential feature is the decarburization of crude cast 
iron by the air blast in a vessel independent from the 
blast furnace or furnace in which it was melted and 
without the application of external heat.” 

Bessemer’s claim in his first United States patent 
(No. 16,082, dated November 11, 1856, which is in effect 
the same as his English patents dated October 11, 
1855), is as follows: 

“The conversion of molten crude iron or of remelted 
pig or finery iron into steel or into malleable iron, 
without the use of fuel for reheating or continuing to 
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heat the « rede meiben ’ me ‘Ital, sie ory conversion being 
effected by forcing into and among the particles of a 
mass of molten iron currents of air or gaseous matter 
containing or capable of evolving sufficient oxygen to 
keep up the combustion of the carbon ¢ ontained in the 
iron till the conversion is ae complished,” 

Kelly’s claim in his first United States patent (No. 
17,628, dated June 23, 1857, reissued No. 505, dated No- 
ve mber 3, 1857) is as follows : 

“ Blowing blasts of air, either bot or cold, up and 
through «a mass of liquid iron (the oxygen in the air 
combining with the carbon in the tron causing a 


greatly inrreased beat and ebullition in the fluid 
mass), and decarburizing and refinishing said iron 


without the use of fuel.” 

Norke.—The word “refinishing” in 
evidently a misprint for refining. 

It will be noted that these two claims are in effect 
for the same invention, and that it is the invention set 
forth in Holley’s statement, The only differences between 
Holley’s definition and these claims is that Holley re- 
quires that the conversion shall be made in a vessel 
separate from the furnace in which the iron is made or | 
melted; while the claims do not require this, yet, as 
will be seen from the specifications, this was really the 
idea mm the origmal patents of both Kelly and Besse- 
mer. Both these inventors, however, as well as oth- 
ers, attempted, but unsuccessfully, to practice this in- 
vention ora similar one in the blast furnace. It was 
Holley’s idea in his definition to exclude decarvuriza- 
tion in the blast furnace and to confine the process to 
the method set forth in both Kelly’s and Bessemer's 
original patents, that is, decarburization in a separate 
vessel, 

The invention, therefore, set 
mer’s and Kelly’s patents is the same, The reading of 
the specifications and claims shows this. Holley as- 
serted it, and whenever the question as to their iden- 


the last line is 


forth in both Besse 


titv has been brought to test, in the United Sates at 
least, the decision has always been that they are the 
samme invention, 


This brings us to the third question, which may now 
be stated. 

Third.—Was Bessemer or Kelly the original inventor 
of the essential feature of this process ? 

In his most interesting account of 


his discovery, 





interference was at once declared and testimony taken 
in April, 1857, after due notice to Bessemer. The evi- 
dence showed conclusively that Kelly pot only con- 
ceived this process, but practiced 1t at his forge near 
Eddyville as early as 1847, and from 1851 to 1857 at the | 
Suwanee Furnace near the same place. I have care- 
fully read the affidavits in support of his claim, some 
twenty-two in number, from persons to whom he ex- 
plained his process, to whom he had shown drawings, 
who had made patterns and castings for his wachinery, 
who had helped him in his experiments and work, who 
had ladled the molten metal into bis converter or 
‘air boiling farnace” as he termed it, and who had 
tested the metal after it was made; and if any confi- 
dence can be put in buman testimony under oath, 
Kelly invented and practiced this process as early as 
1847. I print in full in the appendix six of these affi- 
davits. Mr. Smith, a builder of blast furnaces and a 
machinist, testifies that in 1847 ‘“* Mr. Kelly described 
to him a new process for treating iron, by which he 
expected to be able to produce malleable iron from 
fluid pig metal without fuel by a strong blast of air 
blown into the liquid mass of irop,” and that drawings 
lof the apparatus were shown him. Other affidavits 
also speak of the tests made at this date, 1847, and of | 
| the character of the iron made, which was malleable. 

In Dr. Champion’s affidavit Kelly’s description of | 
the process as given in 1851 at a meeting of iron mas- 
ters is reported as follows: “His furnace was some- 
| what like the common cupola furnace, into which he 
would put a quantity of fluid metal taken from his 
blast furnace” (Is not this direct metal ?—J. D. 
W.) “and blow blasts of air into the liquid iron | 
without any fuel, when it would commence boiling 
and continue to boil, until like the puddling fire the 
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Bessemer’s Improvement in Smelting Iron Ore. 
Patented Nov, 18, 1856; Eugland, Aug. 25, 1856. 
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Bessemer’s Original Patent 
States Nov. 11, 1856; in England, Feb. 12, 1856. 
published in our Proceedings (vol. xix, pages 809 to 
830), Mr. Bessemer gives no date for his invention. He 
says, however, that the suggestion that led up to his 
discovery grew out of conversations during the Cri- 
mean war with Emperor Napoleon ILI, Prince Napo- 
leon and others, and especially Minig, the inventor 
of the rifle bearing his name, regarding the necessity 
for a better material for artillery guns. As this war 
began in 1854 and ended in 1856, the earliest possible 
date of the first conception of his invention must, 
therefore, according to his own statement, be 1854. His 
first patent was taken out June, 1855. This inelauded 
the use of the steam blast well as the air 
blast, as did also the patent upon which his claim 
chiefly which is dated October 11, 1855. The 
date of Mr. Bessemer’s invention of the pneumatic pro- 
therefore. is not earlier than 1854, possibly not 

earlier than 1855. 

What is the date of 
process ? 

At the Cheltenham meeting of the British Associa- 
tion in 1856 Mr. Bessemer read a paper on bis inven- 
tion which aroused the most widespread interest and 
marked the beginning of an epoch in the history of 
ste'l In some wavy the facts contained in this paper 


as 
rests, 
cess, 
invention of this 


Mr. Keliy’s 


were brought to the attention of Mr. William Kelly, 
at that time operating the Suwanee Furnace, near 


Eddyville, Ky. He at once recognized the process as 
one that he had invented some years before and had 
been experimenting with at his furnace and forge. He 
immediately applied for a patent, but Bessemer was 
ahead of him in the United States Patent Office and 
had been granted a patent November 11, 1856. The 
claim of Kelly was so like that of Bessemer that an 


Patented in the United 


Kelly’s Improvement in the Manufacture of Lron. 
Patented June 23, 1857. 


iron would be boiled to nature or made wmalle- 
able.” On objection being made that the air would 
chill the iron, Kelly stated, so Dr. Champion swears, 
that “‘instead of chilling up his furnace it would be- 
come intensely hot, that the carbon contained in the 
iron baving an affinity for the oxygen, would unite 
with the oxygen in the blast. and, so united, would | 
create an intense heat and pass off in the form of car- 
bonic acid gas Others deseribe the furnace used, and | 
declare that they assisted in ladling the iron into the 
converter and blowing it to nature. 

Do not these experiments cover all of the points | 
mentioned in Holley’s definition of the essential fea- | 
tures of the Bessemer process, viz.: ‘‘ The decarburiza- | 
tion of crude cast iron by the air blast in a vessel | 
independent from the blast furnace or furnace in| 
which it was melted and _ without the application of 
external heat”? And if Kelly did this in 1847, while 
Bessemer did not conceive the idea until, at the ear- 
liest, 1854, is not Kelly the original inventor of the so- | 
called Bessemer process, and in calling it the Besse- 
wer process, has not Kelly been unfairly deprived of 
the credit due him, as was Columbus when this con- 
tinent was named America ? 

As stated above, the question as to Kelly's priority 
of invention of the pneumatic process has twice been 
before the United States Patent Office for jndication. 

Inthe matter of the interference between Bessemer’s 
patents and Keliv’s application above noted, the act- 
ing Commissioner of Patents states under date of 
April 11, 1857: 

‘“Itappears that by the concurrent testimony of 
numerous witnesses Kelly made his invention and | 
showed it by drawings and experiments as early as 








| reason of the name attached to it, Alexander L. Holley. 


1847, and this testimony appears to be reliable in every 
respect, 

| “The patent of Bessemer was sealed at London on 
April 11, 1856, and bears date October 11, 1855. 

| “Priority of invention in this case is awarded to 
said Kelly and it is ordered that a patent be issued 
accordingly unless an appeal be taken within 60 days 
from this date.” 

No appeal was taken, and on June 13, 1857, the pat- 
ent was issued to Kelly. 

In 1871 this patent came up, under the patent law 
then existing, for extension. A mass of testimony was 
then taken, some to the effect that the invention was 
neither new nor useful ; other, that Kelly had been an- 
ticipated by Bessemer and others. While all the ob- 
jections usual in such cases were raised against the ex- 
tension, after a careful hearing, Mr. Kelly’s patent 
was extended. The report of B.S. Hedrick, the ex- 
aminer, to the Committee of Patents, dated June 7, 
1871, is given in Appendix 1X. In this brief, which is 
well worth reading, the examiner says: * Kelly’s own 
statement of the history of his invention is full and 
clear, and, when taken in connection with the state- 
ment of the witnesses, seems to be both intelligent and 
truthful.” On the report of Mr. Hedrick as stated 
labove, the extension asked for by Mr. Kelly was 
granted. 

In examining the files in connection with the appli- 
eation for this extension, an affidavit of more than 
usual importance was found. It is also of interest to 
us ofthe Ameriean Institute of Mining Engineers by 





Regarding this point of the priority of Kelly’s invei- 
| tion over that of Bessemer, listen to the words of hin 
whose voice has been so often heard in our meetings, 
| but_which, alas! is now silent forever. Holley saix 

“1 consider Kelly’s invention the first practical de- 
velopment of the pneumatic process, and it has been 
so recognized by the owners of the combined paten’s 
covering this process, Mr. Bessemer, by his superior 
mechanical improvements and capital, anticipated the 

results which might naturally have followed from tle 
development of the Kelly process.” 

These are the words of the engineer who better than 
any one else knew the merits of the claims of Kelly 
and Bessemer to priority of areaam, and he un- 
hesitatingly ascribes priority to Kell 

There is one other point that mould be touched 

upon. In examining the statements made by Kelly 
and Bessemer or in their interest, one peculiar fact 
will be noticed : that is, that Bessemer seems to have 
been seeking to produce steel by his invention, 
while Kelly sought to produce malleable or wrought 
iron, though both speak of iron and steel. This is 
perfectly natural, in view of the object each had in 
his experiment ; Mr. Bessemer was seeking a material 
\for a gun and was led in the direction of his inven- 
tion by a desire to procure steel; Mr. Kelly was a 
| forge-master, waking malleable or wrought iron, and 
it was to make this product that he pursued his ex- 
periments. This fact bas led some persons to give 
Mr. Bessemer the credit of the invention of the pro- 
cess forsteel making because Kelly sought only mal- 
leable iron. 

Phis claim, however, will hardly hold. As we have 
pointed out in discussing our first question, it is a well 
recognized principle that an inventor is entitled to all 
the results of bis invention, even though he does not 
state them nor even recognize them; the invention is 
his for any and every purpose to which it can be ap- 
plied, and consequently Kelly is entitled to the credit 
of his invention as a steel-making process, as well as a 
malleable iron-making process. Further, it must be 
remem bered that the word “steel” bad not the same 
meaning in 1847 that it has to-day. Steel then meant 
chiefly a product that would harden and temper and 
that could be made into edge tools, and not what we 
know to-day as steel, which is any cast product of 
iron that is malleable. The material that Kelly 
made by his process in his converter, no matter what 
he called it, must of a necessity be what we to-day 
would call steel; it was a cast malleable product of 
iron. It seems to us, therefore, that Kelly made steel 
as truly as Bessemer made steel. 

In claiming for Mr. Kelly this great honor I do not 
wish to detract in the jeast from the credit justly due 
Sir Henry Bessemer. The mechanical methods and 
appliances suggested and invented by Bessemer—and 
it ison these that his claim to honor justly rests—were 
as necessary to the completion, commercially, of the 
process, as was its invention. As Mr. Holley puts it, 
**Mr. Bessemer’s invention consisted in the mechanic il 
means for intimately diffusing the air through the 
mass of iron to such an extent that the chemical 
changes take place with sufficient rapidity to leave 
the mass fluid after the carbon and silicon have been 
removed ; while the means employed by Mr. Kelly 
were not’ adequate to carry the process to the same 
extent.” 

The superiority of Bessemer’s mechanical methods 
and ap »pliances to those of Kelly is evident at once to 
one who studies the history of these inventions. After 
years of experiment Kelly had not got beyond the 
tixed converter. As late as 1856, after nine years of 
| work. the appliances he used were exceedingly crude. 
| Mr. John E, Fry, who was a foundry woulder at Cam- 
|bria when the first experiments were made at Johns- 
town by Kelly, in a conversation a few days sinee, 
thus described the first converter used there in 1856: 

“The apparatus was a two-foot section of a three- 
foot boiler shell lined up to about 16 inches inside dia- 
| meter with fire brick, having a paved fire brick bot- 
tom, about 20 inches deep. This was put just outside 
‘of the door of the blast engine room of the old Cam- 
bria blast furnace. The engines gave from three to 
four pounds blast pressure. There was a temporary 
connection made from the blast pipe to this little 
auxiliary furnace by @ gas pipe. The nozzle was a 

east iron affair, such as was used at the tuyeres in 
these days. The tuyere was ‘clayed up >and dried 
und connected by a loose elbow to the pipe so as to be 
swung down into the metal. The metal was melted 
at the foundry and brought up in a ladle containing 
about 500 pounds. The furnace was about 200 vards 
from the foundry, and the ladle was put on a little 
metal-hauling car and hauled to the converter. This 
metal would make probably eight or nine inches of 
depth in this little pot. As soon as the metal was 
' dumped i in, the pipe was shoved down with the blast 
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or. A cover of pieces of sheet iron was laid across 
the top to prevent the sparks flying too freely.” 

In 1858 the apparatus used at Cambria, while more 
permanent, was still exceedingly crude, as will be seen 
from an inspection of the 1858 converter herewith 
shown. It is made up of three rings of a roll flask, on 
whieh are placed a ring of a pinion flask and the top 
of what was known in foundries as a ‘“*cannon” heat- 
ing stove. It was not until 1861 that a movable con- 
verter was erected in the United States, at Cambria, 
and this is an infringement on Bessemer’s converter. 
It was, however, the pioneer commercially successful 
converter of this country. 

Bessemer’s converter, also, was at first fixed, but it is 
a vastly different piece of apparatus from the Kelly 
eonverter. Moreover, the records of the Patent Office 
show that Bessemer very soon discarded this for the 
movable rotary converter, which is practically the 
vessel still used. 

Bessemer, therefore, is entitled to the greatest credit 
for the early mechanical! appliances and methods 
which have done so much to make this process suc- 
cessful. 

But every steel maker knows that the decarburiza- 
tion process and the mechanical appliances were not 
all that were needed to make the manufacture of steel 
by this process a commercial success, Mushet’s use of 
the so-called triple compound of iron, manganese and 
carbon was as necessary as the process and mechanical 
appliances. Mr. Bessemer had desiliconized and decar- 
burized his molten cast iron, but the oxygen left in the 
metal by his powerful blast prevented the production 
of even good iron, while the absence of carbon was 
fatal to the production both of iron and steel. In 1857 
Mushet produced by the addition of his triple com- 
pound or spiegeleisen from Bessemerized hematite cast 
iron, which he melted in erucible steel making pots, 
inzots of good steel weighing 500 to 600 pounds. One 
of these ingots was rolled at Ebbw Vale into a rail 
whieh was laid—the first Bessemer steel rail ever laid 
in the world—at Derby, England, on the Midland Rail- 
road. In 1873, 16 vears afterward, this rail was taken 
out after 1,250,000 trains had passed over it. It was 
this invention of Mushet’s that was necessary to com- 
plete the great triology in the quest of steel, and a 
treasure greater than that of the Niebelungen, and 
beneficial, not harmful, to man, was found. 

lo sum up, while the mechanical appliances that 
made possible the rapid production of pneumatic steel 
were Bessemer’s, of London, and while the idea of 
u-ing spiegeleisen to remove fhe oxygen and to reear- 
bonize the metal was Mushet's, of Cheltenham, the 


original idea of decarburization by blasts of air was | 


William Kelly’s, of Pittsburg. 





SIR HENRY BESSEMER’S ANSWER TO 
MR. WEEKS.* 


To THE EDITOR OF ENGINEERING. 

Sir: A presidential address has recently been de- 
livered at Pittsburg to the American Institute of Min- 
ing Engineers by Mr. J. D. Weeks, who has taken ad- 
vintage of that prominent position as president to re- 
pudiate my just claims to the steel invention that 
bears my name, and which has been most amply ac- 
knowledged by America’s most honored scientific in- 
stitutions, manufacturers and citizens during the last 
forty years. I may not inaptly preface the remarks I 
have to make on this subject by the words of our im- 
mortal bard : 





“*Who steals my purse, steals trash, 
*T was wine, ’tis his, and has been slave to 
thousands, 
But he who filches from me my good name 
Robs me of that which not enriches him, 
And makes me poor indeed.” 


A great moral responsibility is incurred by the man 
who, for the mere purpose of gaining a short lived pop- 
ularity, does not hesitate to blast the reputation of one 
who he well knows in his own heart is the real in- 
ventor of that process which has so enormously ex- 
tended the trade and commerce of his own country, 
and for this unworthy object flatters his hearers by 
telling them that they owe all this to a countryman of 
theirown ; taking the opportunity of making these 
statements at a public meeting at which I necessarily 
could not be present, and relying for this monstrous 
accusation upon such vague testimony as he has been 
able to rake up from bygone transactions touching 
ouly one side of the question. Mr. Weeks well knew | 
that a period of forty years, and the wide Atlantic, sepa- 
rite me from all documentary evidence on my side of 
the ease, and which, at the period when all the facts 
on both sides were before the American people, they 
had, to their great honor, decided in my favor, and to 
which opinion they have adhered up to the present day. 

Fortunately, however, for me, some of the evidence 
whieh Mr. Weeks brings forward to support the case | 
ot Mr. Kelly, from the very nature of things, furnishes | 
conclusive evidence against the allegations which he | 
makes in favor of Kelly’s scheme, and in order that | 
the whole subject may be clearly understood, it is ne- | 
cessary forme to refer to some technical details of 
iron making, showing their close analogy with the 
process said to have been carried out by Kelly. 

For the last hundred years or more, it bas been the 
practice of manufacturers of malleable iron to operate 
upon the crude pig iron in a small shallow bath, 
known as a refinery, or “finery fire.” in which the 
molten pig iron is subjected to a blast of air blown 
cown upon its upper surface from three nozzles ar- 
ranged along the side of the bath, or pool, of iron, the 
surface of which has a quantity of incandescent coke 
floating upon it. After this blowing operation has 
been continued for an hour or two, the molten mat- 
ter is to some extent decarburized and partially de- 
prived of its silicon ; itis then run out and formed into 
thick plates, which, when cold, are very bard and 
brittle white iron ; these plates are broken up and re- 
heated ina reverberatory furnace, and rendered mal- 
leable by the laborious process of puddling. We hear 
that a Mr. Kelly was making some experiments of 
this kind as far back as the year 1847, and we are told 
by the president, Mr. Weeks, that “‘ Kelly was a forge 
master making malleable or wrought iron, and it was 
to make this product that he pursued his experi- 





° From London Engineering. 





ments,” so that, according to the evidence furnished 
by Mr. Weeks himself, Kelly did not contemplate the 
production, or even try to produce steel by his experi- 
ments, as that material was quite out of bis line of 
business. 

But it is cast steel, such as Bessemer invented (and 
perfected the process of waking in every mechanical 
detail), that has played such an important part in the 
metallurgy of the present century; it was this cast 
| steel, and not the wrought iron which Kelly was try- 
| ing to improve, that has laid the 170,000 miles of steel 
|rails like a network over the whole continent of 
| America ; it was this cast steel made by the Bessemer 
; process, and the machinery invented by him, with 

which the 4,160,072 tons of cast steel was made in 
| America in the year 1872, and not by any plan or de- 
' vice originated or practiced by Mr. Keily. 

Now, what could be more natural for a forge mas- 
| ter and manufacturer of wrought iron than to try and 
| save some of the fuel used in the ordinary process of 
| his trade? and what would appear more obvious than 
the idea that some, or perhaps all, of this incandes- 
eent coke lying on the molten pig iron in the “ finery 
| furnace” might be saved ? This doubtless was the sole 
aud simple object which Kelly bad in view when he 
was trying experiments in his open yard, as described 
by Mr. Weeks, operating in a very temrorary way 
jand using the end of an old boiler lined up with 
bricks and containing about 500 lb. of molten iron 
from the blast furnace—just such a charge as when 
refined would be enough to make a charge for the 
puddling process which bad to follow, and thus to 
make it into malleable or wrought iron, which Mr. 
Weeks tells us was Kelly’s trade *‘and what he was 
trying to make.” This was just such an experiment 
as might be safely made without previously taking 
the precaution of patenting it, as its value, if success- 
ful, would be very small. The apparatus, he tells us, 
was provided with a single nozzle blowing vertically 
down upon the metal, and which single jet of air 
blown down upon it would partially, though very im- 








perfectly, refine it, as is done in the “finery fire” in 
common use. 
When this scheme, which had long been utterly 


abandoned and forgotten, was investigated some eight 
or nine years after these experiments had been made, 
all the evidence which I could collect went to show be- 
yond all reasonable doubt that Kelly was simply try- 
ing to make his “finery iron or plate metal” without 
the employment of any coke floating on the surface, 
and thus saving some fuel in preparing his metal for 
subsequent conversion into malleable iron. 

This is the impression which was irresistibly forced 
on my mind at the time these questions were before 
the American Patent Office. and I have at this mo- 
ment the most absolutely conscientious belief that 
Kelly was not at that period even attempting to pro- 
duce fluid malleable iron or steel in'a fluid state such as 
|} could be formed into ingots or castings. 

And when we read the strongly biased statements 
lof Mr. Weeks and note his all-important omissions, 
his own story furnishes me with an absolute denial of 
his most unwarrantable assertion that Kelly had ori- 
ginated the Bessemer process. 

One would have thought that if Mr. Kelly com- 
menced his experiments in 1847 we should have heard 
something of this revolutionary process before the 
year 1856, but we are told that “as late as 1856, after 
nine years of work, the appliances he used were ex- 
ceedingly crude.” Mr. John E. Fry, who wasa foundry 
moulder at Cambria when the first 


1856 to Mr. Weeks: 

“ This apparatus was a 2 ft. section of a 3 ft. boiler 
shell, lined up to about 16 in. in diameter, having a 
paved firebrick bottom about 20 in. deep; this was put 


Cambria blast furnace. The engines gave from 3 Ib. 
to 4 lb. biast pressure ; there was a temporary connec- 
tion made from the blast pipe to this little auxiliary 
furnace by a gas pipe. The nozzle was a cast iron af- 
fair, such as was used at the tuyeres in those days 
The tuyere was ‘clayed up’ and dried and connected 
by a loose elbow to the pipe, so as to be swung down 
into the metal. The metal was melted at the foundry 
and brought up in a ladle containing about 500 Ib, 
The furnace was about 200 yards from the foundry, 
and the ladle was put on toa little metal-bauling car 
and hauled to the converter; this metal would make 
probably 8 in. or 9 in. of depth in this little pot. As 
soon as the metal was dumped in, the pipe was shoved 
down with the blast on, a cover of pieces of sheet iron 
was laid across the top to prevent the sparks flying too 
freely.” 

And here the evidence drops short, for it is clearly 
not worth their while to pursue the subject any 
further: it would be dangerous to do so; it would, in 
fact, * let the cat out of the bag.” These discreet wit- 
nesses have given all the very interesting details as to 
the “ dumping” in of the molten iron, even to the kind 
of “little hauling car” which conveyed the metal to 
the apparatus ; but it would have been infinitely more 
to the purpose if they had told us something about the 
way in which this metal was taken out again, in what 
state of partial or complete solidity was it obtained, 
and whether it was soft malleable iron or hard and 
brittle ** plate metal.” 
the use of ingot moulds, in which the molten malleable 


iron must be made ingot; they have told us nothing | 


of the treatment of the metal after it was blown. Was 
it taken to the puddling furnace to be there converted 
into wrought iron, or was it rolled into bars or sheets 
from ingots formed while in a fluid state? Without 
all these essential facts all their testimony and affi- 
davits are worse than waste paper, as they directly 
prove nothing ; but the absence of these facts affords 
very strong circumstantial evidence that Kelly never 
had produced homogeneous malleable iron, and had 
never made an ingot by his process. 

Kelly’s method of operating by one tuyere only. 
blowing vertically downward, shows that he had 
never grasped the fundamental principles on which 
the Bessemer process is based ; his nine years of failure 


experiments were | 
made at Johnstown by Kelly, “ina conversation afew | 
davs since,” thus described the first converter made in | 


outside the door of the blast engine room of the old) 


They have told us nothing of | 


| But Mr. Kelly saw none of these nice distinctions, 
and to compensate for this want of knowledge, Mr. 
Weeks, with much perverted ingenuity, has striven to 
whittle down the Bessemer process until it is low 
j}enough to reach Mr. Kelly’s level, and strives to im- 
| press on his hearers the idea that the Bessemer pro 
cess is summed up in the words ** blowing air into 
iron,” and Kelly having done this is therefore, accord- 
ing to Mr. Weeks’ theory, on Bessemer’s level. This, 
however, is not so; the mere blowing of air into a fluid 
is not a patentable suggestion, it is not a “new mann- 
facture.” and before we can obtain a valid patent, we 
must produce something tangible, something not be- 
fore produced by the same means, sometbing which is, 
in fact, either of better quality or less in cost than has 
been produced by former methods. * 1 therefore claim 
as my invention the foreing of currents of air into and 
among the particles of molten erude iron, or of re- 
melted pig or refined iron, until the metal so treated 
is rendered malleable and has acquired other proper- 
ties common to east steel, and still retaining the fluid 
state of such metal, and pouring or running the same 
into suitable moulds,” and so obtaining a ‘** new mannu- 
facture.” 

Now, blowing air into a fluid mass is not a manu- 
facture at all, and therefore is not patentable; thus, 
for instanee, you nay blow heated air into linseed oil, 
but that is not a new manufacture, such blowing might 
be simply to warm the oil; but if you blow air in e 
heated state in numerous divided streams upward 
from a perforated coil, lying at the bottom of a tall 
cylindrical vessel filled with linseed oil, the oil so 
treated will combine with the oxygen of the air and 
become viscid and tenacious, and will acquire the 
same drying quality as oil that has been boiled with 
oxide of lead in the usual way of making drving oils, 
and hence such a process of blowing air into oil by its 
chemical action produced a superior drying oil and 
was a new and patentable manufacture; this was 
an invention of mine ten years before | thought of 
steel making, and for which invention 1 reaped my re- 
ward, 

Again, if you blow cold air in numerous jets upward 
through a vessel filled with cream, that is in itself not 
a new manufacture, but if your streams of air are 
powerful enough, and sufficiently long continued, the 
violent agitation caused thereby will convert the 
cream into butter, and result in the production of but 
ter without churning; this becomes a new manufac 
ture capable of being secured by patent. The different 
effects produced by different modes of blowing are well 
exemplified in the old Catalan furnace used in iron 
making, where the blast is made carbonizing or oxi- 
dizing by merely altering the angle at which the 
tuyere is directed through the fuel, and by means of 
which adjustment of angle the workman regulates his 
process, Again, in the old ‘finery fire” the tuyeres 
blow down on to the metal at such an angle as will 
throw the metal to the opposite side of the bath, and 
insure a rapid circulation of all the metal under opera- 
tion, without which this old process of ** biowing iron” 
would entirely fail. All this is mere matter of history, 
but, being known, it serves to show the entire want of 
ingenuity and mechanical skill, and the complete ab- 
sence in the mind of Kelly of the most simple and rudi- 
mentary Knowledge on the subject of the motion of 
fluids impelled by currents of air, as is clearly shown 
by his choice of the vertical position of the tuyere, in 
blowing on to or into fluid iron. Kelly appears to 
have adhered frow first to last to this fatal mistoke of 
using one tuyere only, and that one operating in the 
very worst position in which it was possible to place 
it; a position most certain of all others to insure its 
}own rapid destruction while producing the least  pos- 
sible circulation and effect on the metal. An enor- 
mously high temperature is necessary not only to ren 
der pure iron fluid, but an excess over that tempera 
ture is necessary to allow it to be transferred to a east- 
ing ladle, and therein be retained in a fluid state dur 
ing the time necessary to quietly pour it into numer 
ous moulds. The great problem I had to solve was 
how to generate and retain this enormously high tem- 
perature, for on any system of heating fluids we have 
two antagonistic operations going on, viz.. the pro 
duction of heat and its loss by radiation and absorp- 
tion by the vessel in which the process takes place, 
and this particular case is further complicated by the 
|rapid absorption and carrying off ot heat by the ineom- 
| bustible portion of the air forced through the metal, 
hence it becomes a question of time; heat is always 
flowing away, and if the aecession of heat went on at 
the same pace, we should never raise the temperature 
of the metal, and this points at once to the necessity 
for an extremely rapid production of heat; this rapid 
production of heat means such an intimate admixture 
of the combustible carbon and silicon with oxygen as 
will produce the necessary temperature in a few 
minutes, otherwise the heat would be dissipated and 
the fluidity could not be maintained. So intimate is 
the mixture of carbon and oxygen in gunpowder that 
its combustion becomes instantaneous and no heat is 
lost, and in the Bessemer converter a well arranged 
set of tuveres blowing vertically upward produces such 
an intimate admixture of oxygen and carbon to 
| create a succession of smnall harmless explosions, and 
| henee fixes a limit to the safe diffusion of these com- 
| bustible elewents. 

A converter with a group of seven tuyeres, each hav- 
ing seven separate passages through them, will direct 
vertically upward forty-nine separate streams of air 
| through the metal ; this air dividing itself into count- 
|less thousands of small globules rushes upward, pro- 
| ducing a light column of mixed iron and air, while the 
denser portions of the iron form descending columns 
and keep up a powerful circulation, equalizing the 
temperature and the rate of combustion ; but a single 
nozzle pointing downward, as tried by Kelly, will not 
diffuse the air throughout the mass, but the air will 
rise up around the nozzle and soon welt and destroy 
it. Air applied in this manner can never set up that 
amount of circulation and vivid combustion through 
out the whole mass which is an absolute necessity if 
fluid malleable iron is to be produced and east into 
ingots, conditions absolutely impossible to arrive at 


as 





show that in all that time be had not mastered the A|in a shallow open vessel with one tuyere blown down- 


B C of the Bessemer process. 


| the o as blowing and biowing. and as we are told in 


Now there is such a, ward. 


Indeed, Mr. Weeks is constrained to admit that Kelly 


the old fable, by simply blowing a man may either|could not make fluid malleable iron in his apparatus 


“warm his fingers or cool his broth.” 


owing to its iuherent defects in principle, whieh Kelly 
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had not scientific knowledge enough to perceive or 
mechanical skill enough to remedy. 

The precise words which Mr. Weeks adopts from Mr. 
Holley in his confession of the failure of Kelly to pro- 
duce fluid malleable iron are as follows: ‘ Mr. Bes- 
semer’s invention consists in the mechanical means for 
intimately diffusing the air through the mass of iron 
to such an extent that the mechanical changes take 
place with sufficient rapidity to leave the mass fluid 
after the carbon and silicon have been removed ; while 
the means employed by Kelly were not adequate to 
carry the process to the same extent.” Hence with his 
one tuyere blowing downward, Kelly could not, and 
did not, produce fluid malleable iron; and could not, 
and did not, make an ingot; and could not, and did 
not, carry out the Bessemer process, which consists in 
the production of ingots of cast steel by forcing num- 
erous streams of air upward through the molten crude 
or cast iron ; this failure of Kelly was the result of his 
entire ignorance of the essential principle on which the 
Bessemer process is based, viz., the rapid diffusion of 
minute fiery bubbles throughout the entire body of 
the metal under operation. 

This abortive attempt of Kelly (if ever made) was by 
Mr. Weeks’ own showing abandoned some years before 
I read my Cheltenham paper, having never served any 
useful purpose whatever. 

Had Kelly patented his invention, had he read a 
paper on it before any scientific institution, or had he 
yublished an account of it in the public press, it might 
Rave been said that a published account of even this 
most unsuccessful and abortive attempt would have 
acted on other minds and suggested a more perfect 
system. But Kelly did not in either of these ways, or 
in any other way, make known or convey any Knowl- 
edge to the outer world as to what he was trying to 
do, and hence his labors have not by the smallest pos- 
sible increment advanced the general stock of knowl- 
edge, or influenced to the most infinitesimal extent 
the progress of steel making, either in America or else- 
where. All that Mr. Weeks has succeeded in doing is 
to show that as an American citizen, if he ever had in 
his mind the idea that malleable iron could be pro- 
duced by currents of air, could vet be so entirely de- 
void of mechanical skill, so hopelessly ignorant of the 
physical laws which govern the whole theory on which 
my invention is based, that, after pottering over his 
ill-devised schemes for a number of years, he failed 
hopelessly, and gave it up, having never benefited 
the world to the smallest possible extent. He never 
even thought it worth while to patent his invention 
during all the nine years from 1847 to 1856; but as 
soon as he found that my invention was agitating the 
whole iron trade of Great Britain, he woke up and 
commenced a fierce fight with affidavits in the Ameri- 
can Patent Office, after I had already obtained my 
patent in America, and after all my English patents 
were published in blue books, which at the small cost 
of 6d. each were open to Kelly’s and every one else’s 
inspection ; in them they could see every detail of my 
several inventions. Then it was, we are told, that 
**Pompey was very like Cesar,” and that there was a 
wonderful identity between Kelly’s invention and 
mine; buat this similarity did not come about by my 
patenting in America an apparatus with one tuyere 
blowing downward. 

Any one would have thought that a person in Mr. 
Weeks’ position must have had the honor of his own 
country more at heart than to drag such a lame and 


disgraceful story from the obscurity in which, to the} 


honor of America, it had for forty years been buried. 

The fact of Kelly obtaining a patent in America 
after wine rendered it necessary for all the manufactu- 
rers of steel in America to work under both patents, 
so all the trade knew perfectly well what Kelly’s 
title to be called an inventor really was, and with 
this full knowledge they unanimously joined in al- 
ways calling it the Bessemer process. The Ameri- 
sans have, with this knowledge before them, elected 
me an honorary member of the American Society 
of Mechanical Engineers, and also an honorary 
member of the American Academy of Arts and Sci- 
ences, “‘and in several parts of the United States, 
where nature has richly endowed them with those 
aids to civilization, coal and iron, manufacturing cities 
have been established to which, by common consent, 
they have given the name of Bessemer. 

* Thus we have the rapidly increasing and import- 
ant city of Bessemer, Gogebic County, Michigan ; the 
city of Bessemer, Alabama, with its mayor and corpo- 
ration, its street tramways and electric lighting, and 
its large manufacturing works, public schools and nu- 
merous churches. There is also the city of Bessemer, 
Lawrence County, Pennsylvania, the seat of the great 
Edgar Thomson steel works, the largest in America. 
There is also the city of Bessemer, Botetourt County, 
Virginia, and the city of Bessemer, Gaston County, 
North Carolina.” 

No‘hing could more clearly show the spontaneous 
recognition by a whole nation of the enormous benefit 
that the Bessemer process has conferred on the trade 
and commerce of the United States. 

The great wave of excitement produced on the pub- 
lic mind throughout Europe by the announcement of 
my invention at Cheltenham soon forced its way 
across the Atlantic, and created a great sensation 
among the iron producers of the United States; among 
other eminent men it attracted the most earnest atten- 
tion of Mr. A. 8. Hewitt, whose high position is fully 
recognized throughout the United States, and who 
made the following statementin reply to Sir James 
Kitson, the honored President of the Iron and Steel 
Institute, when Sir James was in America in 1891. Mr. 
Hewitt said: ‘“ Mr. Bessemer read his celebrated paper 
describing the process of producing steel without fuel 
at the Cheltenham meeting of the British Association 
for the Advancement of Science in the summer of 1856. 
An imperfect report of this paper was published in the 
journals of the day, and attracted my notice. The 
theory announced seemed to be entirely sound, and 
the apparatus simple and effective. I gave orders at 
once, without further information than that derived 
from the published report, to erect an experimental ves- 
sel for the purpose of testing the possibility of produc- 
ing steel direct from the blast furnace. In the same 
year in which this paper was read, the experiment was 
tried at the furnace of Cooper & Hewitt at Phillips- 
burg in New Jersey, and the result served to show be- 
yond all doubt that the invention of Mr. Bessemer was 








one which could be successfully reduced to practice.” 

Now, if Kelly’s nine years’ pottering had created the 
smallest interest in America, surely a firm like Cooper 
& Hewitt would have known it and would not have 
been so anxious to prove the fact as at once to have 
put a Bessemer converter in operation on an experi- 
mental scale. 

Mr. A. 8. Hewitt, who is a past president of the 
American Institute of Mining Engineers, said on the 
occasion of their meeting at Washington on February 
22, 1882: ‘‘My firm made an effort within six weeks 
after the famous Cheltenham paper was read in 1856, 
tosee whether pig iron could be thus converted into 
steel. It was three or four years after that, that Mr. 
Holley’s attention was called to the matter, and he 
went to Europe and brought back for his friends the 
control of that patent.” : 

So that Mr. Holley was not in any way interested in 
this question for some years after Kelly knew all 
about my several patents, and Kelly had plenty of 
time to shape his invention so as tosquare with mine, 
even to the making of a movable converter, which 
Mr. Weeks admits was “an infringement on Besse- 
mer’s converter.” It is something to get from Mr. 





suit the American practice, but Bessemer’s patent ma- 
chinery is still used, with scarcely a deviation in detail] 
after a period of nearly forty years, in every country 
in Europe where Bessemer “steel is made.” 

The British Patent Office shows all the successive 
steps in the development of my invention, and with 
these evidences of its origin and vitality scattered over 
Europe and America, it is simply an outrage on the 
man who has done all this, and to whom America is so 
deeply indebted for the great extension of her manu 
factures, her commerce, and her prosperity, to set up 
as the original inventor of the Bessemer process a 
man whose abortive schemes have not added one 
tittle to the public store of knowledge, or benefited 
the world or even his own country to the value of a 
single cent ; it is nothing less than an outrage on the 
common sense of the scientific world. Yours truly, 

HENRY BESSEMER. 


APPARATUS FOR CLEANING AND FILLING 
JUGS. 


THE cleaning of jugs that have contained oil is 
quite a laborious operation. The action of a hot solu- 
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APPARATUS FOR 


Weeks the direct admission that Kelly had made an 
infringement upon my patent. Why is he not more 
eandid ? 

No sooner were Bessemer steel rails produced in 
Sheffield, than American railway managers began to 
purchase them, and so important were they deemed 
to be that thousands of tons were sent to America, re- 
alizing the almost fabulous price of 201. per ton; and 
when America began to make their own steel rails, 
thousands and tens of thousands of tons of Bessemer 
pig iron were sent to America from this country to 
make Bessemer steel with. This Bessemer pig was 
made by furnace charges invented and dictated by 
me, all the hematite iron previously made in England 
entirely failing to make workable steel. 

Nor must it be forgotten that the Bessemer convert- 
er with its hydraulic moving gear and the hydraulic 
casting crane and apparatus, the ingot cranes, the 
valvular casting ladles, pair of vessels arranged in a 
semicircular pit, the conical moulds, and, in fact, the 
whole plant, outfit, and arrangements of the American 
steel works, are the patented inventions of Henry 
Bessemer, although somewhat modified in their me- 
chanical details by the late Mr. A, lL. Holley, so as to 
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CLEANING JUGS. 


tion of potash must be aided by lengthy and trouble- 
some stirring. It is necessary afterward to rinse the 
jug with pure water and dry it. 

These operations are very simple, but require time 
and labor. It is almost always considered sufficient 
to see that the vessel has not contracted too bad an 
odor. If it smells bad, it is, in order to expedite mat- 
ters and avoid drying, rinsed with a little oil, always 
the same, which thus becomes charged with microbes 
derived from ill kept houses and distributes them 
uniformly to the customers. In order to effect a per- 
fect cleaning, the large oil mill of Neuilly has devised 
a system that solves the question in a complete and 
very satisfactory manner. he principle of the appa- 
ratus consists in the injection into each jug, first, of a 
large quantity of a boiling solution of potash at con- 
siderable pressure and in a large number of regularly 
distributed jets, and then of a quantity of filtered wa- 
ter. Ten jugs are operated upon at a time, rotary 
motion being given to each of them around its axis in 
order that every part of the internal surface may pass 
several times under a jet, easily and without fail. 
This result is obtained as follows: 

The cleaning apparatus, properly so called, consists 











APPARATUS FOR FILLING JUGS AT THE NEUILLY OIL WORKS. 
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tubes closed at the top and eac 


to swall revolving iron stars. 
the star, which is longer than the others, is pro- 
vided with a vertical aperture at the extremity. 

A large horizontal iron rod actuated by a lever car- 
ries a8 many vertical pivots as there are stars, and each 
of which introduces itself with regularity into the 
aperture in the star. 

By maneuvering the lever to the right and left, an 
alternating motion is communicated to each star 
through the large rod. The 110 small jets thus strike 
with force every portion of the internal surface of the 
jug placed upside down upon the star, the small 
vertical tube entering the interior with great pre- 
emion,. 

In the first place there is injected, under a pressure of 
two atmospheres, a boiling solution of potash, which, 
as it issues from the jug, falls into a large gutter that 
leads it to a conduit movable around a horizontal 
axis, whence it flows iato a reservoir situated in a 
room below. 

This solution is raised again to its normal degree of 
concentration in order to he used anew. 

After this treatment with potash, filtered water is 
forced in under a pressure of two atmospheres. The 
water falls into the gutter, and, the conduit being 
made to tilt, the liquid is sent directly to the 
sewer. Each jug receives thirteen quarts of solution 
of potash and the same quantity of water. 

In order to heat the solution, it is led into a boiler 
by a special pipe. Thence it flows into a reservoir sit- 
uated at a lower level. It is afterward brought into 
coutaet with air compressed to two atmospheres. 

The compressed air is obtained very simply by caus- 
ing the city water to flow under pressure into a reser- 
voir fall of air at the pressure of the atmosphere. 
This air forced into the reservoir raises to two atmo- 
splieres the pressure of the air expanded by the pre- 
cecing operation, 

l'rom this it will be seen that the forcing pressure is 
not constant. It would be necessary for this that the 
volume of the compressed air should be infinitely 
great with respect to that of the forcing reservoir. 
In practice, by giving the first reservoir a capacity 
double that of the second, very satisfactory results are 
ob! ained, 

The reservoir is a simple compressed air accumula- 
tor. The city water under pressure compresses the air 
at the upper part of the reservoir, and it suffices to 
open a cock in order to obtain the force necessary for 
the simultaneous rinsing of ten jugs. 

The apparatus for filling and automatic weighing 
permits of filling ten jugs at once. A differential pul- 
ley, hooked to shears, supports a swing bar from which 
the cask to be emptied is suspended by chains. 

4 galvanized iron tube carries a funnel at its upper 
part and supports ten receptacles of the same capaci- 
ty. The level of the oil is kept constant in the funnel 
by means of a glass tube that communicates with the 
bung hole through a rubber tube. The air can enter 
the cask, and consequently allow the liquid to flow, 
only when the level of the oil in the funnel exposes the 
lower orifice of the glass tube. 

In order to fill the jugs, the lower cock being closed, 
the upper is opened. The oil fills the receptacle and 
rises in the sinall oblique glass tube, in which it takes 
the level of that contained in the funnel. The upper 
cock is then closed and the lower one is opened. he 
oil flows into the jug placed beneath, while the air en- 
ters through the small tube. It is searcely necessary 
to say that the ten jugs are filled at the same time. 
A porcelain eylinder entering each receptacle through 
a stuffing box permits of regulating the apparatus 
once forall. The capacity of the receptacle is thus 
varied until the weight of the oil furnished is perfectly 
exact, 

The level of the liquid in the funnel is not absolutely 
constant, but the diameter of the small glass tube is 
very feeble, so that in practice the variation in weight 
is never more than thirty grains. 

These apparatus appear to be somewhat complicated 
at first sight, but they are, nevertheless, very simple 
and strong. A child can operate them, and the man- 
euvering of the cocks is learned in less than an hour. 

The cuts show the arrangement of the apparatus 
and the method of using them in the oil works where 
they are in operation.—La Nature. 





THE BLOT ACCUMULATOR. 


THE accumulator shown in the accompanying cuts is 
the invention of Mr. G. R. Blot and is fairly well known 
in France. The plate which is used in this cell is 
made on the well known Planté principle, but it has 
achieved such excellent results in the laboratories of 
Mr. Preece and M. D’Arsonval, that the modifications 
introduced by Mr. Blot require some detailed explana- 
tion. It should also be mentioned that its reputation 
does not depend entirely on laboratory tests, for it has 
been used in actual work for a considerable period, 
and judging from the remarks of the users—who, not 
being electrical enzineers, are unable to bestow upon 
them skilled attention—the cells seem to have given 
great satisfaction, in spite of the fact that they are 
called upon to work at rates of discharge much above 
the normal. We have recently expended considerable 
energy in endeavoring to demonstrate that durabil- 
ity is of vital importance—nay, is almost the determin- 
ing factor—in one’s estimation of a cell. How far the 
Blot accumulator will fit in with this desideratum re- 
mains to be seen, though in fairness it should be 
stated that trials extending to two years have been 
made on the plates with what are stated to be excel- 
lent results. he capacity per unit of weight, and the 
hich rates of discharge of the Blot accumulator, are 
especially noteworthy, and these features, combined 
with the mechanical construction of the plate, ought 
to make the cell of special interest at the present mo- 
ment. We would remark at the outset that we have 
not made any personal tests whatever on the Blot ac- 
curnulator. r. Blot has allowed us to inspect ¢cor- 
respondence and reports, and we have had an oppor- 


of a large horizontal iron pipe carrying ten small steel 1, two lead ribbons, D and CO, half millimeter in thick- 
provided with 110 ness, one, D, being corrugated and embossed 
small apertures. These small tubes serve as an axis other, C, being corrugated only. 





the 
The cores of the 


One of the points of coils are of nonplastic metal, and are soldered to the 


‘frame, which also consists of lead, not liable to be at- 
tacked (Fig. 2). This ingenious arrangement gives a 
large active surface with a small amount of lead (0°333 

;m* per kg. of plate), as well as great a: due, we 
apogee to the layers of the ribbon being kept apart 
y the corrugations. , 

The coils of all sizes, which are formed as shown in 
Fig. 2, are sometimes cut into two equal parts along 
the straight line, a, b, and each part forms the coil. 
Fig. 3 shows the mounting of a plate composed of 
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COMPLETE CELL. 


four coils, which constitute the ordinary type of plate. 
Figs. 4 and 4A show the smaller type. The solderings, 
8, Fig. 3. of non-plastic metal, keep the core of the 
coils on the frame, M, N, O, P; these solderings, 
which are also of unoxidizable metal, insure the elec- 
trical conductivity of all the leaden ribbons. It is 
claimed that these solderings of unoxidizable metal do 
not undergo any alteration after prolonged action of 
the element. The arrangement of coils, shown in 
Figs. 3 and 4,in the frame of unoxidizable metal, M, 
, O. P, show that the plate is free to expand ver- 
tically and laterally; the ribbons can also increase 
freely in thickness and in length, without disturbing 
the construction of the frame. One of the impor- 





tunity of examining the plate, but the figures that are 
mentioned in this article are entirely quoted from ex-: 
periments made by others. 

The plate is composed of a series of flat coils round 
the core, a, a, of which are wound, as shown in Fig. 





tant points of the accumulator is the ingenious 
arrangement used by M. Blot for suspending the 
7 in the vessels. The plates are suspended in the 
igquid by means of a double frame of hard lead, c, c 
(Fig. 5), kept at the required distance apart by two 














bars of lead in the form of a screw, fixed by bolts, b. 
The two frames, ¢, c, have at the bottom notches, e, 
in which two sheets of glass, v, can be placed on the 
edges of which the frames are hung by means of 
the notches, e, as shown in Fig. 5. The plates are 
separated from one another by glass tubes placed be- 
tween two sheets of glass or porcelain, or any insu- 
lating material, resting on the frames of the coils. Fig. 
6 shows the larger type of plate. 

The construction of the accumulators is exceeding- 
ly simple and mechanical. Two plates of a No. 2 cell, 
having a total weight of 3 kg., give a surface of 1 
square meter, and it is claimed that M. Blot easily ob- 
tains at the normal rate of discharge 10 ampere hours 
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Fic. 6. POET 
per kg., which can, without difficulty, attain to 19 
ampere hours per kg. Experiments performed by 
D’Arsonval at the Central Laboratory of Electricity 
with the quarter plate element (of a weight of 1,515 g.) 
are summed up in the following table : 


Rate of discharge in amperes 


estimated ver kg. of electrodes I. II. 

(A> ORE —=) noc cccccccccccscccs 086 1°33 
Capacity in ampere hours esti- 

mated per kg. of electrodes 

(ANG —).... wc crcccccveccvees 19°0 15'8 


After these tests the element was short circuited, 
then recharged at the rate of 1 Aperkg. It showed 
at the normalrate of discharge a capacity of 15 A 
h. per kg. 

t the recent meeting of the Société Internationale 
des Electriciens. M. D’Arsonval described the results 
that he bad observed personally for more than a year 
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with a battery of 14 elements. To confirm his re- 
marks, he quoted the assertion made by Mr. Preece 
when describing a great number of experiments nade 
at the General Post Office from February 28, 1895, to 
January 4 last. Mr. Preece had subjeeted the accu- 
mulators sent to him to most rigorous tests. For in- 
stance, he had put them on short circuit for 10 min- 
utes at an output of 200 amperes, until the electromo- 
tive force fell, so to speak, to zero. He then left 
them for 12 days to th mend them afterward at the 
rate of l ampere per kz. He then obtained an effi- 
ciency of 792 in capacity and 648 inenergy. The 
plates were then taken out, washed and dried; there 
was no precipitate at the bottom of the vessels, and all 
the plates were in perfect condition, 

Mr. Preece gave some curves in support of his asser 
tions, and showed that after a short circuiting of 5 
minutes, with an output of 300 amperes, he obtained 
an efficiency of 80 per cent. in capacity and 67 per 
cent. in energy. An efficiency of 88 per cent. in capa- 
city and 76 per cent. in energy is obtained when dis- | 
charging at 6 amperes per pound of plate. 

From these different results M. D’Arsonval conclud- | 
ed that this accumulator is really suited to all serv- | 
ices snddenly demanding high powers and great va- | 
riations. M. D’Arsonval added that he charged his 
battery of Blot accumulators on July 14. before leav- 
ing Paris. On returning, on October 23. the battery 
had lost searecely any part of its charge. Ou Novem- 
ber 20 following, two of the elements left in the open 
air had become sulphated ; the first time they were 
charged they regained their original capacity. 

Finally, M. D’Arsonval short circuited them for 24 
hours, without finding any sign of deterioration. 
Lastly, he adds that it is possible to reverse the polar- 
ity and use the elements to the last, without the nega- | 
tive plates undergoing any alteration. The following 
efficiencies were stated to have been obtained at a rate 





of discharge of : 
Per cent. 
1 ampere per kilow., the efficiency was.. ... 89 
9 . “ “ “ a 
3 ee “ “ MA rs (8 
5 te “ “ “ 5O 
6 hd “ “ ad 45 





We have taken the foregoing details from the report 
of the proceedings of the Société Internationale des 
Electriciens, which has recently appeared in our} 
French contemporaries, but we are assured by M., | 
Blot that much higher results than those set forth 
have been obtained. 

It should be mentioned, however, that a battery of 
these cells has been in use in the shipbuilding yard of 
Messrs. Lobnitz & Company, of Renfrew, for over four 
months, and while the normal rated discharge is given 
as 25 amperes, they are called upon every day to dis- 
charge as high as 80 amperes and sometimes more than 
100 amperes, 

It is als> claimed by M. Blot that the accumulator 
will give occasionally 15 amperes per pound of plate. 
There not the slightest doubt that the figures 
claimed for this cell are very exceptional, and if they 
ean be realized in practice and maintained fora rea- 
sonable period, one might be sanguine of the future 
of accumulators, The plates are formed electrically, 
and are stated to take at most a week toform. As we 
have already mentioned, the construction of the plates 
is of the most simple character, the winding of the 
lead ribbons on the cores being done by unskilled la- 
bor. The embossing and corragating of the ribbon is 
done by special machines, which turn out long lengths 
in a very short time.—The Electrical Review. 
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MOTOR VEHICLE TESTS. 


THE ENGINEERS SUBMIT THEIR REPORT OF THE | 
TESTS MADE AT CHICAGO—VALUABLE DATA FOR 
MAKERS AND USERS ALIKE. 


INTERNAL RESISTANCE. 


TAKING up the question of internal resistance, we 
subdivide it as follows: 

(a) Frietion of axle. 

(b) Friction of tire skidding. 

(ec) Lack of resilience of tires and other parts of the 
vehicle. 

(d) Friction of mechanism in self-propelled vehicles. 

(e) Friction of brakes when applied. 

These elements have been made the subject of dis- 
cussion resulting from the experiments made on the 
various vehicles submitted for test, and are more or less 
fully treated of in the tests and deductions presented 
elsewhere in this report. 


PULL OF ASSUMED VEHICLE. 


In the assumed vehicle we have a power developed 
at the rims of the driving wheels of 50 per cent. of 
three horse power or 


33000 x 3 
- 9,500 foot pounds per minute. 


-—— = 4f 





9 
At an assumed speed of 10 miles per hour, this would 
give a pull of 
49500 


880 


56°3 pounds capable of being exerted. 


This isthe pull actually given out at the rims of the 
driving wheels and is supplemental to the factor of 
energy expended in internal mechanism and wheel re- 
sistance of drivers. It has to overcome in addition to 
external resistance the resistance of the steering 
wheels and other elements of internal resistance not 
involved between the motor and the rims of the driv 
In the assumed vehicle, without going 


ing wheels. 
into delicate details, this would be, say 
400 x 10 
——— = 40 pounds. 
1000 


It may be here noted that an excessive “gather” of 
the wheels will produce a component? lateral skidding 
action of the tires, which may produce quite a large 
resistance. 

ROAD RESISTANCE. 


| respond to the higher figure given for macadamized 
| roads; this is equivalent to 30 pounds per 1,000, 


able, but its elements may be pointed out and deduc- 
tions made showing how important a factor good roads 
are in the consideration of economical transporta- 
tion, whether by means of the motor cycle or other- 
wise, 

We subdivide, then, road resistance as follows: 

(a) Adhesion of Roadbeds to Tires.—This is appre- 
ciated when moving through wet clay, and there are 
wood reasons for believing that on certain pavements 
adhesion is quite a factor in resistance 

(b) Distortion or Low Resilience of the Roadbed.— 
This constitutes a large factor of resistance to the pro- 
pulsion of a vehicle, as a bad road may offer ten 
times the resistance to motion which a smooth one 
will, 

In this connection it was expected to have obtained 
valuable data from observations made on the electric 
motocycles and the profile of the course as before men- 
tioned, but as this was impossible, a reference to for- 
mer experiments determining total traction of wheels 
on Gifferent characters of roads will indicate the rela- 
tive resistance between different roadbeds, 


TRACTION ON ROADS. 


The following table is from Molesworth’s Pocket 
Book : 

Resistance in pounds per ton (2,240 pounds) on differ- 
ent roads, exclusive of gravity : 


Yee eee er eens. . ae 
PE PO ns nike Geer She? Sup Ondevwuuhe 33 
Macadamized roads .............. 44 to 67 
ea eee eeeenaten . 150 


Soft, sandy and gravel ground.... ........ 210 


Presumably these determinations were made at low 
speed, so that the element of air resistance may be 
neglected. The table shows a pull of nine pounds per 
1,000 on a stone tramway, which corresponds fairly 
well to the surface on which our wheel determinations 
were made. Undoubtedly the axles were of the ordi- 
nary type and the tires of steel; thus in this case 
the resistance was almost wholly that of axle friction 
and lack of resilience, and corresponds to results under 
** wheel determinations.” 

On a macadamized road the pull as given by the table 
averages 2 pounds per thousand. Thus the differ- 
ence between this and 9 pounds, the result on the 
stone tramway, or 16 pounds per 1,000, gives the ele- 
ment of road resistance on such a roadbed. Country 
roads on the basis of this table would probably cor- 


De- 
ducting the stone tramway result, we have 30 — 9 = 
21 as an approximation to the resistance per 1,000 
pounds of load which may be expected on common 
roads. 

The assumed vehicle thus would have a constant 
road resistance to overcome, in addition to other re- 
sistances, of 

1600 x 21 


1000 
were it fitted with steel tires and ordinary axles. But, 
as will be seen in the following section (ec), the use of 
pneumatic tires on the rough road might readily re- 
duce this resistance considerably, say to 20 pounds, 


ADVANTAGE OF PNEUMATIC TIRES. 





= about 34 pounds 


(e) Climbing Over Minor Obstructions on a Hard 
Road.—This constitutes resistance which, while of 
short duration in individual cases, becomes an element 
of considerable importance if such obstructions are 
frequent. Thus a discussion of this action will make 
clear the advantage of the pneumatic tire. 

Supposing we have a wheel with a steel tire of 24 
inches radius, and it encounters a stone 1 inch in 
height, then it is evident, unless the stone is crushed 
or pressed into the tire or roadbed, the load on the 
wheel will have to be raised over the stone. By a sim- 
ple calculation it will be seen that this involves the 
momentary climbing of a gradient of lin 314. In the 
ease of the assumed vehicle with a load of 600 pounds 
on one driving wheel this would require a pull of 


600 
—— = 172 pounds. 
35 

This increased momentary pull is overcome by the 
inertia of the vehicle in motion. To start with such 
stones in front of the wheels would require perhaps 
more static pull than the vehicle would be capable of 
exerting. This is well illustrated when, to prevent a 
vehicle running down hill, comparatively small obstruc- 
tions placed in front of the wheels suffice to accom- 
plish the result. 

As the vehicle passes over such an obstruction the 
energy of position is given back partially in energy of 
motion, but as this is only accomplished by the action 
of gravity, the element of time is involved to such an 
extent that if the vehicle no sooner climbs one obsta- 
cle than it encounters another, energy is dissipated to 
agreat extent. With a pneumatic tire such an obsta- 
ele would sink into the tire half an inch or more, and 
so reduce the momentary grade in proportion. Where 
a road is encountered having many such obstructions, 
the energy saved by the use of pneumatic tires will be 
considerable, as not only are the momentary gradients 
less, but energy is stored in the tire by its elasticity 
normal to the direction of pressure. This must not be 
confused with the results showing low resilience of a 
pneumatic tire under tangential pull. 


RESISTANCE TO MOTION. 


We may now sum the results as deduced from the 
consideration of the assumed vehicle, as follows : 





Kinetic resistance — Constant. Incidental. 
Acceleration........ w7 
Max. grade, 5 per cent 80 
Beesracnta: Vik.ctavsdebesed wane 10 

Internal resistance apart from that consumed 
between motors and drivers. ...... 4 — 

Road resistance a obdddpebpaeceenenasss Ww 100 

_ vere castedn cquieeieiees Jscese Bay 206°7 


We found our assumed motor to be capable of exert- 
ing at a speed of 10 miles per hour a pull of 56°3 


Part of the incidental resistance noted above may 
be expected during the progress of any trip of a ve. 
hicle, and if economy is considered, it may not be ad- 
visable to purchase pull at the expense of speed, but 
rather to design motors for the specific work they may 
be called upon to perform. 


RESULTS FROM CONSOLATION RACE. 


To illustrate this we might cite the run of the Muel- 
ler-Benz motocycle in the Times-Herald consolation 
race of November 2, 1895. 

The distance traveled was 92 miles over compara- 
tively light grades and ordinary roads, being from 
Jackson Park, Chicago, to Waukegan and return to 
Lincoln Park, Chicago. The net running time was 8 
hours 44 minutes, and the gasolene consumed 31°59 
pounds, 

This indicates a speed of 927 feet per minute and a 
consumption of an average of one pound of gasolene 
required to run 15,450 feet. 

In the tests shown above we found this machine at 
a speed of 984 feet per minute, and a pull of 724 
pounds, developed 1,268,000 foot pounds of work at 
the rim of the driving wheels per pound of gasolene., 
Again, at a speed of 1,168 per minute and a pull of 347 
pounds it developed only 588,000 foot pounds. 

If the above economical development of eneryy 
were waintained, the average pull throughout the run 
would be 
1268000 

—— = 82 pounds. 

15450 


If. on the other hand, the latter development of 
energy be assumed, the average pull would be 
588000 
15450 
Undoubtedly something between these two pos- 
sible developments of energy per pound of gasolene 
was given. 

Within certain limits, therefore, it appears that, with 
the type of engine used in this machine, resistance to 
propuision is not an important factor in economy of 
fuel, as with more work to be done the fuel develons 
higher duty. Whether this be an argument for or 
against the engine is a question treated in another 
part of this report. 





38 pounds. 


ECONOMICS, 


The economics of the motocycle is a broad subject, 
and it does not come within the province of this re- 
port to do more than touch on economy of consump- 
tion and use of gasolene as fuel. 

A disregard of fuel consumption under the plea that 
gasolene is a cheap commodity must be considered 
unwarranted when it is realized that a capitalization 
of an extra amount expended for gasolene would justify 
a higher price to be paid for a vehicle more efficient in 
transferring the energy of the gasolene into propelling 
energy. An important factor in economy of fuel con- 
sumption is involved in control by changing the mix- 
ture of air and gasolene. It is evident that, given two 
vehicles possessing equal merits as regards their con- 
trol, then the one accowplishing certain results with 
the least cost of operation represents a lower annual 
cost of operation than the other, and consequently a 
justifiable higher first cost. Aside from the actual 
cost of an increased amount of fuel, the disadvantages 
of bandling or storing it is a matter for consideration, 
| particularly if the more volatile petroleum products 
are used and the question of underwriters’ restrictions 
is considered. 

USE GASOLENE., 


For the following notes bearing on the use of gaso- 
lene we are indebted to Samuel Rodman, Jr., explosive 
expert. 

Gasolene is the lightest volatile product commonly 
obtained from the distillation of crude troleui. 
Specific gravity, 0660 to 0°690; boiling point, 158° F. 
to 194° F. 

Naphtha is a lower product. Specific gravity, 0°690 
to 0°700 ; boiling point, 175° F. to 230° F. 

Benzene is a still lower product. Specific gravity, 
0 730 to 0°760; boiling point, 248’ F. to 302° F. 

Petroleum, generally known as kerosene, is graded 
by flashing tests which run from 110° F. to 260° F. 
and over. Its specific gravity varies from about 0°82 
to about 0°86. 

All volatilize more or less readily, giving off hydro- 
earbon vapors, which, uniting with air, form explosive 
mixtures. 

Careful investigations have been made with a view 
of regulating the storage and transportation of hydro- 
earbon oils. In the case of petroleum it has been de- 
termined that one volume of petroleum vapor renders 
380 volumes of air explosive and 1.150 volumes inflam- 
mable. A red hot piece of metal or coal, or a spark 
from steel or flint will not ignite an explosive atmo- 
| sphere of petroleum vapor, but white hot metal, flame 
or electric spark will readily do so. Naphtha exposed 
to an atmospheric pressure of 30 inches, at a tempera- 
ture of 70° F., evaporates at the rate of about 0°09 
pound per square foot per hour. 

Many accidents are recorded from explosions of hy- 
drocarbon vapors mixed witb air. In the majority of 
those that have come under notice vapors of hydro- 
earbons have escaped into the air through some leak 
in the receptacle or pipe holding them, and explosion 
has oecurred on the approach of a naked flame. 

In closing this report we desire to acknowledze 
valuable services and assistance in conducting the 
tests as follows: 

Our thanks are due to Messrs. Samuel Rodman and 
C, L. Brown for assistance at the tests and subsequent- 
ly in figuring out results. For special wheels prepared 
for test we are indebted to the Hartford Rubber Com- 
pany for those having pneumatic tires, to the Rubber 
Tire Wheel Company, of Springfield, O., for those 
having solid rubber tires, and to the Staver & Abbott 
Company, of Chicago, for those having steel tires. 
Through the courtesy of Mr. Frem. Messrs. Fairbanks, 
Morse & Company, of Chicago, furnished delicate 
| Scales for use in dynamometer work, and Mr. Ludlow, 
|of the Crosby Steam Gage and Valve Company, fur- 
nished the speed indicators used. 

L. L. SUMMERs, JOHN P. BARRETT, 

JoHN LUNDIE, Chairman of Committee. 
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Very little accurate data on road resistance is avail- 
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pounds at the rim of the driving wheels, 
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ENGINEERING NOTES. 


The new Panama Canal Company is to be supplied 
with seven Lidgerwood cableways of the kind used on 
the Chicago Main Drainage Canal. The Panama 
cableways will have fixed towers and anchorages and 
the spans will be from 250 to 300 feet. 

One of perhaps many little considered ways in which 
the forests of the country are being eaten is in sup- 
plying timber for railway trestle work. There are two 
thousand miles of trestle structure in the United States, 
according to an estimate by the Forestry Division. 
This trestle work has to be replaced entirely every nine 
years, on an average, and every year timber amount- 
ing to 260,000,000 feet, board measure, is used for this 
purpose. Nearly all the timber is cut from the largest 
and finest trees, 

There has been recently launched at the famous 
Herreshoff's vard asmall racing yacht, which has been 
dubbed the baby Defender, from her resemblance to 
last year’s champion. She is a wooden boat, her keel 
frames, stem, stern post, deck beams, and ecarlines 
being of the best of oak. To the wooden keel is at- 
tached with Tobin bronze bolts a lead keel witha 
small defined bulge on each side, something after the 
plan of the leaden bulb of a finkeel boat, with a rake 
at (he after end and slightly cut away forward, giving 
ite rounded form. The forward overhang has a 
rahish appearance and runs out into a small bow, the 
turn of the stern coming just above the water line in 
the same manner as that of the Defender. She shows 
litile dead wood, as it is well cut away. Her principal 
dir ,ensions are 33 feet 6 inches over all, 21 feet water 
lin . 6 feet 9 inches beam and 6 feet draught. 


The fortifications appropriation bill, as passed by 
th: House, without division, makes specific appropria- 
tions amounting to $5,842,337, and in addition gives 
authority to the Secretary of War to make contracts 
involving the further expenditure of $5,542,276, under 
the Engineer and Ordnance departments, making a 
total expenditure authorized by the bill of $11,384,613. 
O! this amount $5,260,000 are appropriated and author- 
ize | by contract for gun and mortar batteries, and 
$5,002,873 for armament of fortifications. It is esti- 
m:ted that fifty-two 8 inch, sixty-three 10 inch, and 
for: y-three 12 inch guns will be completed by June 30. 
18! 7, at an expenditure, including the amount named, 
of $1,217,168. The bill contains a proviso that all 
m.terials purchased under it shall be of American 
m:oufaeture, except when in the judgment of the 
Se-retary of War it isto the manifest advantage of 
the government to purchase them abroad in limited 
quintities, which materials shall be admitted free of 
du y. 

In melting pig iron ina cupola, how much of its silicon 
is burnt out ? asks Mr. W. T. Keep, in the Foundry. 
Silicon, he replies, is not evenly diffused through 
eitver pig iron or castings ; therefore it is not possible 
to obtain an analysis from drillings that will accu- 
rately give the silicon in either. The heat of the cupola, 
the rapidity of melting, the quality of the fuel, and 
many other conditions exert such an influence upon 
the silicon that the loss of silicon will vary. The mak- 
ine of gray iron castings, very fortunately, does not re- 
quire an exact percentage of silicon. The lower the 
silicon in pig iron, the less the loss. Silvery irons con- 
taining 5 per cent. of silicon will impart most of their 
silicon to the mixture. Silicon iron with silicon over 
7 per cent. costs more than that with lower silicon, 
and much more of the silicon is lost, and worse than 
that, the silicon will not be evenly diffused in the 
casting. Pig iron varies in composition so greatly from 
day to day that its exact composition cannot be de- 
termined. For this reason several irons should be 
used, so that achance variation in one will not greatly 
influence the castings. 

The new method of lining basic open hearth fur- 
naces, now being introduced, possesses a_ special 
economical interest in that line and, according to In- 
dustries and Iron, isa simple operation. Mixed with 
the usual basic materials, in a dry state, is mineral 
pitch, bitamen, or other solid mineral or vegetable 
fusible hydrocarbon, so that the compound does not 
become plastic, but remains in a powdered condition. 
In lining a furnace, the latter is first heated to a high 
temperature, and the mixture of powdered basic ma- 
terial and pitch is then thrown into the furnace so as 
to be deposited where required; the pitch is nmmedi- 
ately set on fire by the heat of the furnace, and serves 
to retain the basic mass in the spot to which it was di- 
rected when thrown into the furnace, whether the 
spot be on the bottom or walls of the furnace, the 
throwing in of the mixture being continued until 
the hearth has taken the desired shape and size. The 
heat of the furnace burns away all of the carbonace 
ous residue of the piteh, and the basic material is 
glazed or burned on in a solid mass, so that the fur- 
nace is provided with a substantially pure basic lining. 
The basic material preferred is dolomite previously 
burnt, and the pitch is the ordinary article. 


In discussing the advantages of lubricating rails on 
curves the Railroad Gazette says that ‘“* Mr. W. Glanz, 
manager of the Halberstadt and Blankenburg Ruil- 
roal, reports that ever since 1886 the lubrication 
of the inner side of the outer rails of curves has been 
Practiced on his road. It was found necessary to use 
a quick drying material, which would not catch the 
dust, and thus serve to grind away rail and flange 
rather than to lubricate them. Tue company uses 
pure ground graphite mixed with water. It is applied 
with a lorg handled brush. The minute wet particles 
of eraphite adhere sufficiently long to the side of the 
rail head, and havea surprisingly favorable effect in 
reducing curve resistauce. The favorable effect of 
the lubrication is shown by a great reduction in the 
wear of wheel flanges and of rail heads. Before it was 
practiced, the tires had to be put into the wheel lathe 
every four or five months, but from the day the 
lubrication was begun their wear became less than on 
ordinary lines in level districts. They now require 
turning only oncein eighteen months or two years ; but 
this is partly due to the use of better steel. The cost 
of the lubrication has been insignificant. No increase 
in the number of track hands has been required. In 
the last year reported 1,355 1b. of graphite were used 
or the fifteen miles of curves. Altogether, the cost is 
estimated at about $1.80 per mile of curve per year.” 





ELECTRICAL NOTES. 


Atthe annual meeting of the American Bell Tele- 
phone Company, held in Boston on March 31, says the 
Electrical World chairman pro tem. William H. Forbes, 
referring to the increase in capital stock, said it was 
necessary tu meet the extension and increasing busi- 
ness of the company. The sale of 21.500 shares at $200 
per share would yield about $4,300,000, and the necessi- 
ties of the company during the coming year will just 
about absorb that amount of capital. 


The Executive Committee of the Brooklyn Bridge 
Trustees is equipping sixteen of the cars with the 
electrical switching apparatus which was recently 
tested with excellent results. There will be four 
motors to each car, the cost per car being $3,645. 
The switching will be done fast enough to keep pace 
with trains running under a three-fourth minute head- 
way; and each motor could in emergency run a four 
car train over the bridge on a headway of one minute. 


The possibility within the near future of maintaining 
speeds of 100 miles an hour on electrically equipped 
trunk lines, and operating them with financial suc- 
cess, was admitted in a recent address by F. W. Webb, 
the chief engineer of the London and Northwestern 
Railway, England. Mr. Webb is, perhaps. the leading 
authority in that country on questions affecting the 
steam locomotive; and his three-cylindered compound 
will be remembered by visitors to the Chicago Exposi- 
tion. 


The Daily Chronicle, Eng., says that the Pacific 
Cable Conference, which is to meet at the Colonial 
Office, directly after the Easter recess, is looked for- 
ward to with the keenest interest in Canada and Aus- 
tralia. It is understood that definite tenders will be 
before the conference, and the chief business will 
therefore be to decide, not the feasibility of the cable 
or its cost, but the allocation of the costs between the 
colonies and the mother country, and whether it shall 
be a state cable or a company undertaking. 


It was formerly supposed that disconnected or 
sliding joints were av absolute necessity to a good 
track if it was to preserve its alignment in all weath- 
ers. The success of the welded joint has disproved 
this idea; and, theoretically, it could have been shown 
that a steel track may be made continuous. Under 
the range of temperature to which it is ordinarily sub- 
jected, the maximum stress that will occur in a rigidly 
fixed continuous rail will be about 10,000 Ib. to the 
square inch, which will be less than one-third of the 
elastic limit of the material. 


An interesting and novel feature, says the Street 
Railway Journal, of the power station of the electric 
railway at Aix-la-Chapelle, Germany, is a rotary 
transformer with a capacity of 450 horse power, which 
provides the reserve for Sundays and holidays. It is 
ecouwposed of two dynamos connected on to one axle, 
the armature of one wound for 220 volts, which is the 
potential of the lighting circuit, the other 550 volts, 
Depending upon circumstances, each of the wachines 
is able to serve as a motor and operate the other as a 
generator, so that the machine acts as a reserve for the 
two services, 


It is stated that the Buffalo Railway Company, Buf- 
falo, N. Y., has issued an order to all motormen and 
conductors requiring them to run cars at a slow rate of 


speed between the hours of 8:30 A. M. and 3 P.M. (on | 


regular school days) in passing all public schools. The 
order also requires the speed to be reduced so as not to 
exceed six miles per hour 100 ft. before arriving at the 
school Jot, and continue so until the school lot has been 
passed at least 100 ft. During the time that the chil- 
dren are assembling at school, while they are at play, 
or while they are leaving the school, the employes are 
instructed to take great care to prevent any acci- 
dent. 


Electric street car sprinklers are now running which 
are modeled on the lines of the regular street car. 
They are lined with zine and will hold 2,000 gallons. 
The big brass arms which are to be seen on either side 
are controlled by a lever, so that they can be drawn 
back against the side of the car on the approach of a 
teamw. It is claimed for these cars that more territory 
can be sprinkled ; that the work can be done more ex- 
peditiously and with a saving tp any city that uses it, 
and that the cars attract no more attention than the 
ordinary electric car, and that the apparatus is so ar- 
ranged that there is an economy in the use of water, the 


streets being only wetted sufficiently to lay the dust. | 


The Edison Electric Illuminating Company, of Brook- 
lyn, on the night of March 25 held its annual reception 
and exhibition at its Pearl Street station. Prof. W. 
C. Peckham gave a practical illustration of making 
pictures with Roentgen rays, and showed several 
plates of objects, including a mouse. The animal’s 
heart and kidneys were plainly visible. Other exhibits 
of interest were an automatic electric piano, the elec- 
tric flower decorations, and the electric heating and 
cooking apparatus. In the electric cooking depart- 
ment were shown electric tea kettles, portable stoves, 
three-section broilers, coffee pots, hot water urns, curl- 
ing iron heater and electric smoothing irons, 


A very complete fire alarm equipment is to be placed 
in the caren of the Massachusetts Fireproof 
Storage and Warehouse Company, Boston. The test- 
ing and recording apparatus will be located in the 
office, together with an annunciator and a watechman’s 
register placed in series with the doors. The ther- 
mostats will be placed in groups and connected to the 
70-point annunciator in the office. A short circuit box 
will be placed on each of the seven floors. The ar- 
rangement will be such that the watchman, after 6 
o’clock at night, cannot go out of the building without 
a record being made in the office. Should spontaneous 
combustion occur in any of the storerooms, it will be 
announced .on the annunciator in the office. The 
watchman will then go to the floor on which the fire 
exists, and, as he passes through the doors, the opening 


MISCELLANEOUS NOTES. 


Dogs not being allowed in German. railway carriages, 
Berlin owners of pet dogs have taken to using black 
leather hat boxes for their conveyance, the sides of 
| Which fall out on pressing a button, leaving the dog 
free when the guard has turned his back. 


It is stated by a contemporary that it costs more to 
send a ton of goods from London to the west of Ire- 
land than to Japan. A ton of woolen goods can be 
forwarded from London to New York for $4.80; to 
Chicago, a thousand wiles inland, for $8.40. and to 
Japan for $12. The same goods sent from Derry to 
London cost $16.80, and from Gweedore, fifty wiles in- 
land, $28.80, 


| Of course there is no way of protecting plants or 
crops from injury when the temperature falls several 
degrees below the freezing point, but for light frosts 
| the practice of burning any material that will form a 
dense smoke has been found useful in vineyards by 
forming a canopy over the field, which prevents the 
escape of heat by radiation from the ground.—Garden 
and Forest. 


The carriages of a train running on the French East- 
ern Railway are now lighted by acetylene gas, for eom- 
parison with other illuminants. The train leaves Paris 

| at 5:27 p. m. for Langny, and returns to Paris, where 
| it stands for three hours at the terminus, for permit- 
ting of comparative observatious by M. Dumont, engi- 
neer to the Eastern Company. and M. Chapron, of the 
P. L. M. Company. The resuits are said to be favor- 
able to acetylene. 


Capt. Balfour, of H. M. 8. Penguin, reports three 
soundings of over 5,000 fathoms in the Pacific Ocean. 
Mr. V. Thorpe, surgeon of the Penguin, reports tnat 
a microscopic examination of the specimen from 5,147 
fathoms shows that the remains of siliceous organisms 
are almost, if not entirely, absent. The mineral parti- 
eles are in a minute state of disintegration, and consist 
of exceedingly fine flocculent watter, mixed with pum- 
ice and other glossy voleanic products, green crystals 
of augite and reddish crystals of pelagonite. 








Glass bricks for all sorts of building purposes are 
now being manufactured by some Silesian glass works, 
and several distinct advantages are claimed for them. 
The bricks are made in various shapes, are transpa- 
rent, so that they transmit light very freely, without 
| it being possible, however, to see distinctly through 

them ; they are very strong, and comparatively cheap, 
| and Jend themselves very well to the various building 
operations. They are specially suitable where univer- 





sal light is wanted, in factories, conservatories, court- 
yards, arches, etc. 


| Southern California is experiencing a considerable 
oil boom, A number of oil wells developed recently in 
Santa Barbara and Los Angeles counties have proved 
profitable, and borings are being made in adjoining 
counties with satisfactory results. A new town, Oil 
City, sprang up in Fresno county a few weeks ago, 
and it is thought the region will prove very profitable. 
One somewhat unsatisfactory result has been the bor- 
ing of many wells in the residence districts of Los An- 

| geles, some of the wells being the most productive in 

| the whole region. 


| According to an article in the Journal of the Ameri- 
can Society of Naval Architects, the disadvantages of 
the use of oil fuel are: 1. The necessity for the eree- 
tion of oil tanks and supply pipes at the coaling sta- 
tions. 2. The loud noise occasioned by sprinklers. 
3 The combustibility of oil. 4. The very sinall num- 
ber of oils available asa fuel. 5. The present high 
cost as compared with coal. 6. Difficulty in overcom- 
ing the objectionable odor. 7. Destructive action 
upon plates and rivets. 8 The exceeding and intelli- 
gent care required to burn the fuel properly. 


Paris artists have at last interfered with the daily 
sales of * pictures” at the Hotel Drouot. They are in- 
tended to sell the frames, the framemakers paying as 
| little as 4 cents for the paintings, which are the com- 
}mou work of several mep, one painting the sky, an- 
| other the foreground, ete. So long as the sales were 
held only in Paris no one was deceived as to the echar- 
acter of the work, but the framemakers having extended 
their system to the country towns, the Société des Amis 
des Arts, believing that the public might be deceived, 
stepped in with the demand that the law forbidding 
| the sale of new articles at auction be enforced. 


The Prussian army enjoys the unenviable notoriety 
lof having in Germany proportionately more cases of 
| suicide than in any part of the empire, says the Broad 
Arrow. Statistics on this subject have lately been 
published in Berlin which show that, during the thir- 
teen years from 1881 to 1893, no fewer than 105 327 per- 
sons in Germany terminated their own existence. The 
rate per head of the population varied from 46 per 
100.000 inhabitants in the duchy of Saxe-Altenburg to 
11'3 per 100,000 inhabitants in Alsace-Lorraine. In the 
Prussian army, however, the rate per 100,000 men in 
1893 reached the high figure of 65. The alarming per- 
centage of suicides in the Prussian army seems toshow 
inthe case of a large number of men either a rooted 
dislike to soldiering or else the existence of a state of 
despair under a too rigid system or discipline. 


The Australian starting machine, for starting horses 
on a race course, was tried at San Franciseo a short 
time ago, and all the turfmen there declare that it 
was entirely successful and a great advance in racing 
methods. The machine consists of a light gate ex- 
tending completely across the race track at the start- 
ing point. The gate is hung ona slanting wire on 
either side of the track, the wire stretching from a 
height of fifteen feet or more down to the track level. 
making au incline on which the gate is drawn upward 
and forward in front of the horses. The gate is oper- 
ated by wire ropes and heavy weights. When the 
| starter touches a button the gate springs upward and 
| forward and the horses lined in front of it havea clear 
course. The jockey can urge his horse forward at the 


of the doors will be announced in the office and the | moment the signal to start is given, the gate getting 


time registered. 
office a test that anyone can make will prove whether 
or not he has closed the doors. An auxiliary test will 
show on which flour a door hus been left open. 


When the watchman returns to the, well out of the way before the horses ean bound 
| forward at their first stride. 


From six to ten horses 
were sent off in perfect alignment and without a hitch 
of any sort, 
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TRADE EXPOSITION AT LEIPZIG IN 1897. 


IF some historian of the future should seek for an 
appropriate term to apply to the last quarter of our 
century, he could find nothing more fitting than “* The 
Age of Expositions.” 

As Germany increased in strength, becoming a po- 
litical power in the world, an impulse was given to her 
art, industry and trade. Then there were the great 
expositions in the first decade after the war which 
showed the German states, that were less advanced in 
the arts of peace than some other countries, how to at- 
tain a position that would command respect in those 
arts. As the importance of exhibitions as an educator 
and cultivator has been more and more realized their 
province has been extended, but in this decade they 
will certainly reach their limit. 

The year that has just begun finds the north as well 
as the south of the Fatherland preparing for a great 
increase of its products, and, of course, the middle of 





the land cannot be left behind. The Saxony-Thurin- 
gia Industrial and Trade Exposition to be held in 
Leipzig in 1897 will offer it a welcome opportunity to 
gaiu a thorough knowledge of the development and 
possibilities of its industry and trade and to profit 
much by competition and comparison, The name 








EXTRICATING 


THE SAXONY-THURINGIA INDUSTRIAL AND 


THE DEAD AND WOUNDED. 


broad main avenue, and rests finally on the cupola of 
the Industrial Palace, which is 148 feet high and 
towers above the tree tops. A number of large halls, 
pavilions and ornamental kiosks are scattered over the 
grounds, apparently without any studied arrange- 
ment, but one soon realizes that most careful con- 
sideration has been given to the placing of these 
structures. In the foreground we find the borticul- 
tural exhibition, the halls for garden produce and for 
flowers being arranged on opposite sides of the basin, 
Behind the former lies ** Old Leipzig,” a reproduction 
of ** Auerbach’s Hof” (tavern) and its immediate sur- 
roundings. Near by is the light structure of the 
Vienna Coffee House, and farther back an open theater, 
built after an antique model. Shady paths lead the 
wanderer along the main avenue to the beautiful 
Court of Honor with the King’s Pavilion and the 
Pavilion of the City of Leipzig. Diagonally across is 
the hall devoted to the book trade. A splashing 
fountain in the center cools the Court of Honor. Water 
is not lacking in the landscape. Just beyond the Court 
of Honor there is a second very large basin, at one end 
of which is an artistic mound in which a blue grotto 
is hidden. At night a stream of light will rise from its 
summit and float over the main restaurant with a 
weird effect. Around the basin are grouped the halis 
for Forestry, Fishery, Women’s Work and Education, 





Exposition is an important undertaking, destined to 
show the home industries of the states concerned to 
all the world, for all will be invited and it is expected 
that many foreigners will visit it. This expectation 
seems quite justifiable, because in the year of the Ex 
position the Leipzig Fair will have a special celebra- 
tion In mewory of the granting of the fair privileges 
by Emperor Maximilian in 1497. These two things, 
the Exposition and the Fair Jubilee, promise Leipzig 
a great influx of visitors next year. 

May the thousands of guests that the summer of 
1897 will find within the walls of the old city carry 
away the conviction that the Saxony-Thuringia Ex- 
position gives a really complete idea of the immense 
industrial interests of the states whose name it bears. 
—lIllustrirte Zeitung. 


THE DYNAMITE EXPLOSION AT 
JOHANNESBURG. 


“ONE woe doth tread upon another’s heels” might 
well have been the cry of the people of Johannesburg 
of late, for the early weeks of the present vear wil! 
long be remembered in the Transvaal for the rapid 
sequence of their tragic events. The ferment caused 


by Dr. Jameson’s disastrous expedition was still very 
far from allayed, and the railway accident was not yet 
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’.. DEEP MADE BY THE EXPLOSION, 











A GENERAL VIEW OF THE EFFECTS OF THE EXPLOSION, 


THE 


given to the exhibition designates only the heart of 
the region that it will really cover, for the neighbor- 
ing provinces and states, for instance, the Province of 
Saxony, the Duchy of Anhait, northern Bavaria, west- 
ern Silesia and the southern part of Mark Branden- 
burg, will be admitted. 

As is well known, Leipzig is admirably situated for 
such an exhibition. It is central, has considerable out- 
side trade, and is one of the first business cities of Ger- 
many. Besides this there are, near the city, grounds 
than whieh nothing more beautiful, practical and 
convenient could be imagined. Scarcely ten minutes 
from the City Hall, in constant communication with 
the railroad depots by means of convenient convey- 
ances, is a tract of land—over 358,790 square yards—- 
which combines perfect natural harmony with artistic 
decoration. From a glance at the accompanying en- 
graving it will be seen that these grounds are well 
adapted for the use to which they are to be put next 
year. : 

The main entrance at the right is provided with a five 
gated portal, on both sides of which, in a half circle, 
are arranged little structures for ticket takers, guards, 
etc. Upon entering, a charming sight will meet the 
visitor. His eye will wander over the beautiful park, 
the bright beds, the green lawns and blooming shrubs, 
over the sparkling water in the great basin, along the 








DYNAMITE 


EXPLOSION 


and there is a refreshment hall embedded in the wood. | 

The Exposition grounds are divided by the broad | 
canal. The arrangement of the front part of the 
grounds prepares the body and mind of the visitor, in | 
a certain sense, for what is awaiting him when he has | 
crossed the bridge and begun the study of the treasures 
in the Main Hall. This is a most imposing buiiding. 
and certainly the contents deserve a fine structure. 
Here will be found all that the most industrious of the 
German states have to exhibit as the products of their | 
land, their workshops and their factories. This build- | 
ing covers over 36,000 square yards and will be so ar- | 
ranged that it can be enlarged to cover about 48,000) 
square yards. Half of it will be used as a Hall of In-! 
dustry and the rear part as Machinery Hall. The two} 
will be connected by covered passages. Before the | 
Main Building is a wide open place, the Prachthof. 
Two lines of columns lead to the buildings on the 
right and left of the bridge containing the rooms in- 
tended for the use of the post office, the press, the 
health department, and the Administration buildings. 
Up the canal there is a second bridge which will at- 
tract much attention. It is a copy of the old Saxon- 
Thuringian covered bridges. By passing over this 
bridge the visitor will reach a village picturesquely 
situated on the edge of the Nonnenholz. 

From the engraving it will be seen that the Leipzig 





AT JOHANNESBURG, 


a thing of the past, when, on February 19, there oecur- 
red the terrible dynamite explosion which counted the 
killed and wounded of its victems by hundreds and 
rendered thousands of the poorer inhabitants of 
Johannesburg homeless. 

Vredendorp, the site of the disaster, is a poor and 
overcrowded suburb on the southwest of Johannes- 
burg, lying between Eordburg and Braatfontein, and 
populated chiefly by Malays, Kaffirs, Chinamen, and 
the poorest class of Europeans. This suburb, which 
is very generally known in the district as *“*tbhe Malay 
Camp,” is one of the most squalid and unsanitary areas 
of buman habitations to be found in the Transvaal, 
its occupants being too poor to build houses of any 
material more substantial than wud, old packing cases, 
and corrugated iron; while its low situation, among 
surrounding bills, makes it little better than a swamp 
in the wet season. Inall probability, the escape of the 
principal part Johannesburg with comparatively little 


damage was due to the soft, marshy nature of the 
ground on which the explosion occurred. 


Even as it 
was, all glass in the central part of the town was 


shattered, and many solid buildings were thrown down. 


Vredendorp itself was completely wrecked, and is now 
but an expanse of ruins. 
The explosion took place at about half past three on 


the afternoon of Ash Wednesday, February 19% A 
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number of railway trucks laden with fifty-five tons of 
dynawite, destined to be used for mining and other 
operations, were being unloaded on the Netherlands 
Railway, together with trucks bearing ninety cases of 
detonators. The latter had not in the first instance 
been sent with the train bearing the dynamite, but 
had arrived later, some delay having occurred in the 
unloading of the dynamite. The whole freight had 
been standing in the glare of the sun for three days. 
and the process of unloading had just begun when the 
explosion took place. Tne dynamite had been im- 
ported in bulk and made up at Pretoria, and was on 
the way to a wayazine vear the town. 

Such was the force of the explosion that it rent the 
earth open fora space of two bundred feet in length 
and thirty feet in depth. Pieces of the railway metals 
were twisted up like bits of straw, and others were 
baried deep in the debris. As soon as the first panic 
was sufficiently allayed to allow the realization of what 
had happened, large bands of wen and women of all 
classes set to work to helv the police toaid the victims. 
Until far into the night the work of excavation was 
vigorously carried on, fresh cases of death or terrible 
injury being disclosed at every turn. Within the next few 
hours some fifty corpses were taken in to the buildings 





of the Wanderers’ Athletic Club, temporarily transform- 


MINERAL PRODUCTION OF THE 
Compiled for Taz Mrverat Ixpvstry, Vol. IV., 
By Richard P. Rothwell, editor of the Engineering and pam ste Journal. 











(ENGINEERING AND Mintne JourRNAL.] 
THE MINERAL AND METAL PRODUCTION 
OF THE UNITED STATES IN _ 1895. 


THE total value of the mineral and metal produc- 
tion of the United States in 1895, as shown in the ac- 
companying table, amounted to the enormous suin of 
$673.881,505, which compares with a similar total of 
$578.470,058 for 1894, showing a total increase of $95,- 
411,447 for the year. Of the whole amount last year 
$24,615,120 represented the value of the metals ; $433,- 
266.385 that of the nonmetallic products, including 
$5,000,000 for various unspecified products. 

From these totals, however, it is necessary to make 
sowe deductions for articles which have been neces- 
sarily duplicated in the table. Among these is the 
ore used in making pig iron ; a large part of the lead 
used in making white lead ; ‘the zine used in making 
zine oxide; the coal in making coke; the antimony 
ore used in making the metal; the manganese ore 
employed in making spiegeleisen, which is included in 
pig iron, and some other articles of the kind. A care- 
ful estimate of the proper amount of these deductions 
would give about $45,000,000 in 1895, against $34,000,000 
in 1894, 

Making these deductions, we have a total net value | 


UNITED STATES IN 1894-95. 

















































| 1894. a 1808. 
, , | io 
Customary uantity. Value at | uantity. Value at 
Products. Measures. bd . Place of | @ __| Place of 
& Customary) Metric | Produc- |Customary! Metric | Produc- 
a Measures Tons. tion. Measures. _Tons. } tion. 
Non- METALLIC | | | | 
Abrasives— 
1| Corundum and emery Short tons.... 1,120) 1,106} $109,500) 385 349) $56,400 
2} Garnet........ ... Short tons.... 1, 000! 07 35, O00} 2.065 1, 873 | 93,350 
3 CGrindstones ...... eeenees Short tons.... 29, go 27,200 257 "596) 36.389 33,004 290,378 
4 Millstones......... . Short tons.... 297| 269 4,447 7 | 105 | 8,525 
5 Tripoli and infus. earth.. Short tons... 1,663 1,508 22,825) 1,788 1,022 26,049 
6 Whetstones . Short tons... 1,735 AT M4. 450) 1,609) 45 TRA 
7 Alum .......00. . Short tons = 65,304 2, 160,000} 75,000) 68,025, 2,225,000 
8 Antimony ore............ Short tons.... 165 150} 9,075 1,083 982 37,905 
Asbestos and talc | | 
Cl BEB cscevccescoscces Short tons.... 265) 240) 4,350) 1,010 11,400 
10 «sr Fibrous tale..... . Short tons... . 50,500 45.804 505, 000] 66,500, 665,000 
11 Tale and eragetens . Short tons. 21,044 19,087 401,802) 18,885, 361,353 
12 Asphalt - Short tons.... 4,198 4,080 75,654 14,300 300,000 
13 Bituminous roc _ apse Short tons. ... 34,199 31.018 148,120 43,778 39, 77 143,456 
14 Barytes sbewesednddoesdén Short tons.... 23,758 21,548) 95,082 20,255 18,371 99,020 
SED. «scacechennse . Long tons.... 10,732) re 908 42.928 14,145 14,371 56,580 
SEED <ccivescasmnntianassen Pounds....... 13,140,584 962] 919.841' 13,506,356 6.126] 742,850 
17 Bromine ..-. Pounds.......| 379,444 om 98, 655 304,854 179} 102, 662 
78 Cement, natur ral ‘hy ‘draulic —— 300 Ibs. .| 7,813,766 1,064,207 4,455,928 7,694,053 1,047,006) 4,597,285 
19 Cement, Portland.......... 400 Ibs. | 611,22 110,877) 1,209,446 749.059 135,879) 1,430,089 
20 Clay, refractory........... Shoet tons. ...| 3,375,738 3,061,704 4, -_ 885, 63,750,000 3,401,250) 4,500,000 
21 Clay, kaolin. ..........000 Short tons..../ 24,552, 2. 246 5,169 30,910. 28,085, 258,431 
22 Coal, anthracite............ Short tons....| «52,010,433! 47. 183, 345 80, ay. 404 58,362,985 52,965,538 89,948,699 
23 Coal, bituminous .......... Short tons... .| @117,865,348 106,903,871 108,758,967 @138,079,466 125.247,053 125,489,488 
24/Coke. ........000. ee ... Short tons.... 8, oe 7.706.846 12,654,558 9,927,348 9,006, “— 15,258,935 
25 Cobalt oxide Pounds. ...... 6.550 : 8,543 6,400 8,640 
26 Copperas ...........006 .. Short tons. ...| 14,897) 13. 511 104,100 14,118 12. 05) 69,846 
27 Copper sulphate........... Pounds....... | 660,000,000 27,215, 2,016,000, 45,000,000 20,412) 1,350,000 
va Chrome ore...... . Long tons..../ 2,653) 2,607 GEFEN wocvnceccoctouns eapnas Jeees sees 
29 Feldspar... . Long tons... | 18,704 19,003 83,465, 22.195 22.550 104,082 
30 Fluorspar..!.........+. .. Short tons.... 6,400! 5,805 58.304 | 4,000 3,628 36,440 
31 Graphite. ...........+++ . Pounds....,.. 770.846, 349 34,689 392,008 178 17,640 
32 Graphite, amorphous. .....'Short tons.... 165 f 1,252) 1,100 998 4,700 
OS . ‘Short tons. ...| 301,536 : 910,831 298,572) 270,804) 974,219 
SUPE OUD. ccccssrcescvecseesn Long tons....| _ 11,880,000 20,790,000) 16,950,000, 17,221,200) 29,662,500 
ad abana yaad .| 056,750,000 28,375 5,000 660,000,000 5,443,164) 30,000,000 
SIO? . venncesesonseces Short tons. 1,370) 7.364 2,200 1,995 14,700 
37 Manganese ore ............ Long tons.... 11,735) 74,890 14,883 15,121 92,044 
38 Mica, ground.........0++. Pounds 829,500 35,957| 750,000 31,956 
39 Mica, sheet. .| Pounds 11,103) 6,200 ’ 6,400 
@ Mineral woo Pounds 5,776 58,936) 6,742 6,115 69,481 
San cen reckueesersees Pounds 750,000 45,000) 1,900,000 S862 114,000 
EE BIB. wc pn crccecncccehsqonasseroocecsteevesecssesetees ong cease SRB vcvecceccccelcoecce cove 12,000,000 
43 Paints, mineral............ Short tons.... 47,593 an 1,011,182) 47,084 42,705; 1,086,767 
44 Paints, vermilion.......... Short tons.... 1 111,209, 118 107 118,190 
45 Paints, white lead......... Short tons.... 87 242 78, 158] 8,445,174) 92.000 88,462) 8,740,000 
46 Paints, zinc oxide. ......../Short tons... .| 22,814 20,697) 1,711,275) 22.690 20,498; 1,588,300 
47 Petroleum (crude)......... Bbis., 42 gals.| 48,527, co 6,158,119 40,762,962 SO, 652, 025 6,420,742) 42,547,701 
48 Phosphate rock ..|Long hoes 952, 15e 967,485 2,856,465) 831,498 844,802| 2,577,643 
Si acciseeueseess ..|Long tons 225,000 228,622 607,500: 217,700) 221,183 587,790 
60 Precious stones... Leinaceheneedesel cegenncenetatiees aceune | Ctetcwesstasdliebe xan ‘ 150,000 
TOP HUUED occcccccoccccecceccs Long tons.... 109,192 466,466, 81K &2,2 353,560 5 
62 Salt, evaporated. . | Bbis., 280 Ibs. . 11,798,659 f 5,844,348 
68 Salt, rock. .......se.seecees Bbls., 280lbs..) 2,341,922 74, 518,740 
54 Silica, sand and quartz....|Long tons... .| 477 670 553,128 
55 Slate, roofing Squares ...... 611,776 2,062,239 
56 Slate, other manufactures. Square feet. .. 4,395,125 369,062 
57 Stone, limestone (flux).....| Long tons.... 3,544,398 2,542,500 
58 Stone, marble. Cubie feet.... 6,331,279 ‘568, 593) 4,086,261 
59 Stone. onyx. .|Cubie feet.... 1,450) 10,750 
60 Sulphur... Long tons.... 441) 192,000 
61 Other building stones wcdcelcccceccocccosecto eeeseeséons 33,000,000 
| Total non-metals.......|......... suketinbicbvuxtusienukkalace |” ae Sere? 428,266,385 
METALS. | eS eee | 
62 Aluminum...... eeceee -.+++/Pounds....... 817,600 371) 490,560 900,000) 408} 495,000 
63 Antimony . Short tons.... 220) 205 39,200 433 393 68.847 
64 Cx »p SEP .ccccececes Pounds....... 353,504,314 160,392) 33,540,489] 386,453,850! 175,294) 36,944,988 
GHEE cc vcccccccess . Troy ounces. .| 1,923,619 59,824 39,761,205) 2,265,612 c70,470| 46,830, 3 
66 Iron, pig... Long tons..../ 6,657,388 6,764,572 71,966,364 9,446,308 9,597,449) 108,632,542 
67 Lead, value at New York.. Short tons.... —_ 145,906 10,585,048) 156.854 ea 10,132,768 
68 Quicksilv BPococceqncesccces Flasks, 764 Ibs 30,440 1,056 1,095,840 33,978 1,179} 1,313,589 
69 Silver, commercial value...|Troy ounces. . 49, B46. €1,550,387 31,403,531 46,331.235 cl, “1 “Oe wey 296 
4 Zine spelter..........eeeees Short tons.... 4,004 67,135, 5,209,882 81,858 74, 245) 5,942,890 
Total metals. ...... we sccce Cecce] ccccceccercleccoce cove 194,092,119 cencceccscoelecse ceceee ‘240,615,120 
lest NINN lennuatsncdchcnelentccnanans icniiueetan es err 5,000,000 
Grand total..........+. | cocccececccoccs RaneumEaT lessees ++ ++ (578,471 70,058! Sponescoscosl scenes secs 673,881,505 


(a) Bituminous coal includes | brown coal and lignite. The anthracite production is the total for Pennsylvania, 
(c) Kilograms. 


Arkansas, and Colorado. (b) Estimated. 


ed into a hospital and mortuary. The scene here was 
a horrible one. Mutilated trunks and seattered limbs 
were laid out for recognition, and severed portions 
that defied all identification were gathered up into 
sacks for burial. Hundreds of injured persons were 
taken to the hospital during the evening, and when the 
limits of the building could accommodate no thore of 
the patients who arrived in interminable succession, an 
infirmary was hastily improvised at the Wanderers’ 
Club. The club buildings have since been provided with 
every comfort for the patients, and the medical and 
nursing attendance has been admirably organized. 

All distinctions of class or nationality in Johannes- 
burg have been merged in sympathy for the sufferers. 
The work of reseue and provision for the desti- 
tute and wounded has been carried on with fine 
unanimity and energy; £104,000 was subscribed for 
the relief fund in three days. and the sum has since 
been generously increased.—We are indebted to the 
Illustrated London News for the engravings and par- 
ticulars. 


THERE are 2,287 foreign stadents this semester in 
German universities, out of a total number of 28,600. 
The foreign students are chiefly at Berlin, Leipsic, 
and Munich, 


























for 1895 of $628.881.505, as against $544.470.058 for 1894, 
the increase nena to $84.226.503, or 15°5 per cent. 

In the table published herewith the figures are 
limited strictly to our domestic production. In the 
eases of gold, silver, copper and lead, the representation 
is an altogether inadequate one, for large quantities 
of those metals are obtained from foreign ores and 
base bullion smelted or refined here; therefore, in a 
supplementary table below is added a separate state- 
ment of this production. 

The totals given are, of course, of values only, as it 
would be impossible to present a total of quantities 
made up of such varied products. In studying the 
table, however, it must be remembered that, to make 
the comparison a fair one, the quantities of the various 
articles produced should be considered, The year 1894 
was one of extremely low prices. and while in some 
directions the recovery has nct been as great as had 
been expected, in some important lines—principally in 
iron and copper--the level of prices in 1895 was much 
higher for a considerable portion of the year. The 
values, therefore, will naturally show a greater in- 
crease than the quantities. 

The figures given show that the United States last 
year took the first rank as a producer, not only of the 





precious iwnetals, but also of the most important of the 





useful metals, iron and copper, while in coal it is stil] 
second only to Great Britain, with the certainty that 
in a few years it will take the first place. That this 
degree op moa veel has been reached in a compara- 
tively short period makes it all the more extraordinary, 
even when we consider the wonderful resources of the 
country. 

To sum up, we may say that our mineral! industries 
made a notable advance during 1895, not only in the 
quantity of their production, but in the methods, and 
in many cases in the quality of the output. The 
figures given above show the very great importance of 
those industries to the prosperity of the country, aud 
while the result for 1896 is still a little doubtful, we 
have — reason to believe that there will be at least 
no ground lost, and that this year will show a substan. 
tial gain over any previous one in our history. In our 
next issue we will take up in detail the metallurgical 
productions of the different metals. 

(To be continued.) 


GEM FIELDS OF THE WORLD 


LITTLE was known of the ruby mines of Burma un- 
til England finally conquered the Burmese kingdom in 
1888. This was accomplished by two expensive wars, 
and eoncessions for working the mines were exact d 
from the king as indemnity. Such was the idea of 
their richness, that when the Burma Ruby Mines 
Company, Limited, was organized in London, the 
spectacle was witnessed of white haired millionaires 
being clubbed away from a hanker’s office which they 
blocked in their eagerness to obtain a stock that was 
subscribed for three times over before the books were 
opened for the public, immediately selling for three 
times par. This stock, however, has not earned a 
dividend up to this day, and is quoted at less than 4 
instead of 300, Last year the company’s payment to 
the Indian government was reduced to encourage the 
enterprise, which has proved very unprofitable. The 
climate is the greatest enemy of the European. Of 
fifty English officers who visited the mines, forty-eight 
had the loeal fever ; the other two bad had it before. 

The rubies, always associated with the ruby-red 
spinel, occur in a layer of sand and gravel in the valley 
bottoms, resulting from the breaking down of ¢ rystal- 
line limestones, and are obtained by digging pits as 
deep as is practicable before they fill with water, and 
from open cuttings in the hill side ; also from eavitivs 
and caves in the beds of granular limestone ; ; rarely by 
quarrying into the rock. The limestone, the origin: 
matrix of the ruby, is identical with the rock in 
which opaque rubies and immense spinels are found, 
in Orange County, New York. 

In Siam, the gem producing district lies. in the in- 
terior, not very far from Bangkok. It produces many 
small, but good, rubies, sapphires, ete., and is worked 
by various persons and ‘companies holding concessions 
from the government. The gems are found in a layer 
of soft yellowish sand, at a depth of from a few inciies 
to twenty feet. The methods of working are of the 
most primitive Oriental kind. 

In Macon County, N. C., in an alluvial deposit from 
the breaking down of crystalline rocks, some crystals 
of ruby have been found in flat, hexagonal tabular 
forms. A number of small gems have been cut from 
these, all of good color, and quite equal to the medium 
rubies from Burma. 

The sapphire occurs associated with the ruby, in 
similar situations, and also is found where rubies bave 
not been as yet. Ceyion furnishes many of the best, 
but they also occur, of finequality, in Burma, Siam, 
and the Himalayas, and rarely in the Ural Mountains 
and the United States. In Ceylon the ruby, sapphire, 
spinel, alexandrite, cat’s eye, and other gems are all 
found as rolled pebbles in gravel in or near old river 
beds in the government of Kandy. 

Ratnapura, the city of rubies at the foot of Adam’s 
Peak, at Ceylon, an altitude of 6,000 feet, is a great 
mining center. Pits are sunk to the depth permitted 
by the pumping appliances in search of gem bearing 

ravel, and when this bed is not reached within the 

imit of possible water clearance the pit is abandoned 

and trial made elsewhere. It seeems as if, with the 
application of machinery adequate to keeping the pits 
oe of water, this constant abandonment of those 
sunk would no longer be necessary, and the profits 
known to have been made by native workers would be 
largely surpassed by the Europeans. 

But the hopes entertained as to both Burma and 
Ceylon have been disappointed hitherto; nor does 
there appear any chance of future success, unless with 
some improved methods of machine working. One 
who has been active in this gem-mining enterprise 
Says : 

*: What we want is an honest machine, one that will 
not only obtain for us the gewiferous stuff, but would 
securely guard it from the pickers and stealers until it 
ean be raised to the surface and treated under 
European supervision.” 

This is impossible down in the pits of Ceylon, as no 
European could long endure their heat. Asaresult of 
the work undertaken by European mechanical agency 
in Ceylon the bazars of Colombo were fuller than 
had been ever known before of gems of various kinds ; 
but few of these had passed through the hands of the 
companies working the mines. 

Nearly all the fine sapphires of the past fifteen 
years are from a remarkable discovery made in 1852 
in the Zenskar range of the Himalayas, in northwest- 
ern Kashmir, near the line of perpetual snow. A land- 
slide removed an abundance of sapphires, which at 
first were used as gunflint by the natives. One writer 
speaks of having seem about a hundred weight of them 
in the possession of a single native. Traders, however, 
soon carried them to commercial centers, where their 
value became known. The Maharajah of Cashmere 
promptly sent a regiment of Sepoys to seize upon the 
mines and to barry the natives who were suspected of 
having stones in their possession or any knowledge of 
new localities where the gem could be found. 

In our own country, corundum occurs at various 

laces along the eastern flank of the Appalachian 
eptetue. At Franklin, Macon County, N. C., Col. 
C. W. Jenks first mined gem sapphires associated with 
eorundum, and a number of blue, purple, and green 
stones, as well as rubies up to one carat, and of fine 
color, were taken out of the crystalline rocks of this 
region, On the Missouri River, on certain bars near 
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Helena, and elsewhere in Montana, sapphires occur in 
an auriferous glacial gravel resting on a slaty bedrock, 
where they have been found oceasionally with masto- 
don bones as a by-product in gold mining since 1864. 

A careful survey of one of the best of these, Eldora- 
do Bar, led to the estimate that it would yield some 
2,000 ounces of sapphires to the acre; bat only a part 
of these may be of gem quality. The stones found em- 
brace a great variety of light shades of red, yellow, 
blue and green. The latter color is quite pronounced, 
being rather a blue green than an emerald green. 

Nearly all of them, when finely cut, have a marvel- 


ous metallie luster, very beautiful, and strikingly pe- | 


euliar to these from this locality. Much money has 


been spent here in work, but no true red rubies or | 


true blue sapphires have been found ; the so-called ru- 
bies found here, if of any deep color, are generally py- 
rope garnets, 

The finest turquoises and richest in color have 
been found, for centuries, in small veins in a clay slate 
near Nishapoor, near Meshed, Persia; but these mines, 
long so prolific, have been rudely worked, and are now 
almost exhausted. Many turquoises reach the mar- 
ket from Egypt; they are really obtained from Mt. 
Sinai. This variety, although generally dark blue 
when found, often changes in a short time to a milky 
green. Very lately, also, turquoises have been an- 
nounced in New South Wales, Australia, but the yield 
thus far has been trifling and of a: very inferior 
quality. 

Santa Fé, New Mexico, is the principal source of 
supply, and so are the Buno Mountains, Grant Coun- 
ty , the rocks here are yellow and gray quartzite sand- 
stone with porphyry dikes ; the sandstones are prob- 
abiv of carboviferous age, but so uplifted and meta- 
morphosed that their sedimentary charactér is ob- 
secured, 

Nearly every mine so far discovered was worked by 
the natives before the advent of the Spaniards. The 
Spaniards seized the turquoise mines at Los Cerillos 
when they conquered New Mexico, and forced great 
numbers of captive Indians to work them. But in 1680 
a large part of the mountain fell in, crashing a number 
of winers. This accident was the immediate cause of 
an uprising of the Pueblos, which led to the expulsion 
of the Spaniards. The Pueblo Indians procured the 
turquoise by cracking the rock from the sides of the 
mise by throwing water on the walls after they had | 
been heated by fires built against them. This pro- 
cess generally injured thecolor. But since 1890 im- 
proved methods have been successfully used. Recent | 
explorations have disclosed old workings in all the 
mines of New Mexico and Arizona; fragments of pot- | 
tery, stone hammers, and similar objects are found on 
the ground and are discovered within the long 
hic‘den chambers, as also in the similar case of the 
Arabian turquoise mines near Sinai. | 

Companies are now working mines near Los Cerillos | 
and the Buno Mountains, New Mexico, and elsewhere 
in that region. Much of the product is pale in color ; 
but a great quantity of fine turquoise of robin’s egg 
blue, equal to the finest Persian stones, is obtained, 
and a single piece sold for $4,000 is reported. Many of 
these gems have gone to Europe, where their excel- 
lence is acknowledged; and the total American sales 
from 1890 to the beginning of 1894 were not less than 
$500,000. This has proved the most profitable gem min- 
ing in the United States. 

The most productive emerald mines, affording the 
finest gems, are near Muzo, an Andean village, in the 
State of Bovaca, United States of Colombia, about 
eighty miles northwest of Bogota. These mines lie in 
a deep round valley, and were worked for many 
centuries before the advent of the Spaniards. They 
are now the property of the government, which rents 
them toacompany. Emeralds from these mines the 
Spaniards brought from Peru and took to Spain, 
where they were sold within a short time to Farther 
India. 

The mine itself is an excavation about 600 feet 
feet wide, at the base of an abruptcliff of bituminous 
limestone This company employs five or six over- 
seers, and 300 to 400 native workmen, who are lodged 
and fed on the premises, and get 20 to 40 cents a day. 
The work is done simply by tearing off with crowbars 
fragments of the rock from the side of the mine, which 
iscut into narrow terraces, like a gigantic staircase, 
and throwing them into a trough at the bottom. 

When a certain quantity has been tumbled down, 
a heavy rush of water from a reservoir is sent 
through, breaking up and earrying away all the light 
rock and disengaging the emerald crystals ; these, be- 
ing heavy, sink to the bottom of the sluices and are 
caught by the riffler. This is simply the operation of 
sluices, well Known to placer miners for gold. The 
emeralds oecur in cavities and among the loose black 
powder which fills many of the veins. The sluice 
boxes are watched very carefully ; but, as elsewhere, al 
large proportion of the stones are stolen and surrepti- | 
tiously sold by the workmen. All the emeralds saved 
are at once sent to Paris to be eut. The product is 
worth about $100,000 a year. 

The most recent discovery of emeralds is at the Em- 
maville mines, in the northern part of New South 
Wales. The emeralds occur in a granite rock, and are 
generally ervstallized out as implanted crystals. Al- 
though 40,000 carats of these stones have been found, 
they are generally very pale in color, and no really fine 
gems have been obtained. 

Magnificent emeralds have come from the rich and 
varied gem deposits on the Siberian side of the Ural 
Mountains. For nearly two centuries the Urals have 
been noted for their remarkable productions of beryl, 
emerald, amethyst, topaz, both blue and sherry color ; 
tourmaline, alexandrite, phenacite and other minerals 
and gems that for beauty and quantity have given 
this regiona foremost place in the mineralogical col- 
leetions of the world. The mines are mainly open ex- 
cavations. They are worked only by peasants of the 
Ural Mountains when they are not busy in the fields, 
never by proper machinery, yet they are a source of 
revenue to the Russian crown. The emerald mines of 
Takowaja, near Ekatherinburg, were leased for many 
years toa company at an annual rental of 60,000 ru- 
Yes, but have not been worked since 1850, when the 
company could not afford to pay the rental, and until 
some one pavs it, emeralds will not be mined in Rus- 





beryls of Russia were found about sixty miles north of 
here and in Siberia. 

Emerald mining in the United States is of recent de- 
velopment ; at Stony Point, in Alexander County, N. 
C., in 1880, beautiful light colored specimens were 

| found, but not in profitabie quantities or of good qual- 
| ity. They oecur in a red, gravelly clay and in the gueis- 
| soid rock of the Blue Ridge ; the former a decomposi- 
| tion of the latter. As crystals they are magnificent, 
| but they have little gem value. All those obtained by 
| the Emerald and Hiddenite Mining Company in a doz- 
en years of working these mines have not exceeded 
$15,000 in value. Some fifty miles west of Stony 
| Point, in Mitchell County, a new locality was discov- 
ered in 1894, but none of the material afforded gems, 

Fine beryls occur at Stoneham, Me.,and on Mount 
Antero, Col, at an altitude of 13,000 feet, and at a 
wica mine near New Milford, Conn., where $15,000 
worth were found between 1886 and 1889. 

It is in granitic rocks that the finest yellow topaz is 
found, at Minas Geraes, Brazil, as well as the blue, 
green and white topazes in Perm, in the Ural, in Sibe- 
| ria, Japan, Madagascar, New Zealand, and in 1889 at 

Bald Mountain, near Chatham, N. H., in Colorado 
|}and Texas, and in igneous rocks in Colorado, Mexico, 
Australia, Straits Settlement, ete. 

Garnet is a widely distributed gem oceurring in 
many varieties in almost all mountain rauges com- 
posed of crystalline rocks, and under very diverse geo- 
logical conditions. From the gold washings at Sys- 
serk, in the Ural Mountains, come green garnets of 
high value, erroneously called olivine ; while the Pegu 
mines in the Rangoon district of British Burma and 
Jeypur, India, furnish the purple almandines of great 
beauty in unlimited quantities. Ceylon produces the 
honey red essonite, which closely resembles the 
honey red spessartite of Amelia Court House, Va., 
that has recently been found as a byproduct in mining 
for mica. Wine colored garnets of value also come 
from the Tyrol, while at several American localities, 
especially along the Columbia River, large quantities 
of purple almandite have been found in the form of 
rolling pebbles. The finest red garnet, however, is 
the blood red pyrope, found in Bohemia, South Amer- 
ica and the United States. In Bohemia. nearly all the 
garnets are in an alluvium equivalent to our glacial de- 





| posits and associated with a variety of fossils; also 


with sapphire, zircon, ete. Such quantities of minute 
garnets remain in the sands that result from the oper- 
ation of washing the soil and gravel that the sands are 
kept and sold for garden paths.—George F. Kunz, 
in New York Sun. 








DIRECT VISION PICTURE FINDER. 
By C. G. Busca. 
THE device consists of a square straw board paper 
box, about six inches square, having a cone of pa- 
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A PICTURE FINDER. 


per attached to the rear side, the aperture in the 
angle of the cone being about the size of the pupil 
of theeye. Inthe upper portion of the front of the 
box, directly opposite the cone, is a square aper- 
ture provided with grooves on the sides for the in- 
sertion or dropping in at the top of frames of straw 
board of different sizes, according to the size of pic- 
ture to be taken, whether upright or horizontal. 

In the illustration, a frame in an upright position is 
shown. The vision finder is used by being placed 
upon a hand camera supported on a tripod or other 
support. 

y looking through the small aperture in the cone, 
one sees the extent of the picture to be taken or in- 
eluded by the lens, and is able, by comparing the edge 
of the front frame with the vertical lines of the view, 
to level the camera properly. 

It is surprising how easily the view may be seen 
through the small aperture, right side up, and how 
readily the apparatus is constructed of such simple 
materials. 

The focusing of the camera is done in the usual way, 
by means of a pointer moving over a scale marked off 
in feet, for different distances. 





AMATEUR CLOUD PHOTOGRAPHY.* 


THE blue color of the sky has as much action on an 
ordinary sensitive plate as the white color of light 
clouds (cirrus and cirro-cumulus); itis, therefore, neces- 
sary to diminish the action of the blue background of 
the sky. For this purpose a yellow screen is placed so 
as to intercept the rays; the light coming from the 
sky contains very few yellow and green rays, and is 
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* By M. Angot, from Cosmos. 





thus extinguished to a great extent ; but, on the other 
hand, the great proportion of yellow and green rays 
which exists in the white light of the clouds passes the 
screen and makes an impression on the piate, if it has 
been made more sensitive to the action of yellow and 
green rays than the ordinary plates. ‘ 

There are, therefore, three points to be considered : 
(1) the colored screen ; (2) the sensitive plate ; (3) the 
method of development of the images. 

1. The Colored Screens.—Colored screens formed of 
films of gelatine or collodion must be rejected, because 
their tint changes very quickly in the light, and they 
easily lose their transparency. Either yellow glass 
must be used or cells containing a suitable liquid. 

Yellow glasses make the most convenient screens of 
all; but the difficulty is to find suitable glasses which 
are always the same and of sufficiently gradvated 
shade. Some are excellent, others not worth anything. 
Before recommending the use of colored glasses ex- 
clusively, some experiments ought to be made with 
the help of a glass maker, in order to ascertain what 
ought to be the exact composition of the glass, so that 
it nay be reproduced with the exact tone at any time. 
It is unnecessary to add that the glass nust be homo- 
geneous and polished with quite parallel surfaces ; 
only glass ought to be used which is colored in mass, 
and not white covered with a superficial layer of 
enamel, 

The surest method, in case of not being able to get 
glass of which the composition is known, would be to 
use liquid sereens, as Ido. They are made with two 
parallel square glasses cemented together on three 
sides by square glass rods also with parallel sides, and 
with a thickness of six or seven millimeters, and length 
of side seven to eight centimeters, one side remaining 
open. If one does not wish to go to the trouble of 
making them, these cells can be obtained from instru- 
ment makers. Needless to say that before cementing, 
the glasses must be carefully cleaned with a solution 
of earbonate of soda, then with water, and lastly by 
being well rubbed with a piece of cotton wool dipped 
in aleohol: with these precautions, no air is to be 
feared along the sides of the cells. Before introducing 
the liquid, care must be taken to dip the open end of 
the cell in a bath of resin (a mixture of yellow wax 
and resin of equal parts). For ultimately closing the 
cell, it suffices to fasten on the edges, thus covered 
with resin, alittle plate of glass cut to a suitable size, 
and which must be heated on a plate of copper to 
prevent its breaking. If found desirable, the aperture 
may be still more securely closed with sealing wax. 
Thus cells are obtained hermetically sealed, which can 
be used at every inclination without the liquid spilling 
and without air getting along the joints. 

The easiest way of fixing these cells in position is to 
pierce a circular hole in the center of a flat piece of 
cork, the size of the sunshade of the lens of th« 
camera. The plate is fitted into the sunshade and 
held by India rubber. The screen is thus in front of 
the lens, and it can be easily replaced by others inore 
or less dark. 

For the liquid, I have had to reject all solutions of 
organie colors, such as aurenthia, primuline, chrysoi- 
dine, for they alter in the light. The simplest one is 
to use the bichromate of potash. A saturated solu- 
tion is prepared at ordinary temperature, to which is 
added, after straining, a few drops of hydrochloric 
acid. This saturated solution, introduced into one of 
the previously described cells, constitutes sereen (1), 
which should be used when the clouds are very light, 
and the sky of a pale blue. A solution of half the 
strength forms screen (2), which may be used for well- 
lighted detached cirrus on a really blue sky; lastly, 
sereen (3), consisting of one part of the saturated solu- 
tion to three of water, should be reserved for very 
luminous clouds, as cumulus and cumulo-nimbus. 

It is certainly more convenient and more simple to 
use colored glasses as screens; but while there is a 
doubt as to finding suitable glass, we can always be 
certain when using bichromate cells of straightway 
obtaining excellent screens, always precisely the same. 
The ones I possess have been in use two years, and no 
precautions have been taken to preserve them. 

2. Sensitive Plates.—Special plates must be used 
for yellow light. The way of preparing these plates 
by means of ordinary plates is already well known; I 
did this at first. But Iam certain that the necessity 
of preparing the plates is the principal obstacle which 
stops people taking photographs of clouds, who are 
really desirous of doing so. However, prepared plates 
are to be had in the trade, and they serve the purpose 
admirably. 

Among the types of plates called orthochromatie or 
isochromatic, two have given me excellent results: 
Lumiere’s orthochromatic plates, sensitive to yellow 
and green light, and Edward’s orthochromatic plates. 

There is, therefore, no necessity to prepare plates, 
as they are to be had ready made, and, at least in most 
cases, quite as good as those one could prepare per- 
sonally. It has been said that the sensitiveness of 
these plates alters very soon, so much so that they 
are useless at the end of a few months. With regard 
to this. I can but quote the following fact. In Febru- 
ary, 1893, I received from the firm of Lumiere three 
boxes of orthochromatic plates, of which the date of 
manufacture is unknown to me. These three boxes 
were simply placed in a cupboard of my bureau with- 
out any other precautions. The first box of twelve 
plates was used in the course of 1893; the second, only 
opened at the beginning of 1894, and used between 
the months of March aud November: lastly, the third 
box was opened only in November, 1894, and the first 
two plates gave negatives which did not differ at all 
from those obtained from similar plates twenty months 
before. 

Other similar boxes opened, then forgotten, for some 
months in a cupboard have always given me excellent 
results. 

Lintend to continue these studies; but it seems to 
me now established, that if the sensitiveness of these 
plates diminishes with time, this diminution is small 
enough to permit of the plates being used after more 
than eighteen months. Under these conditions no- 
thing can be said against their use. 

Focusing is done without any difficulty on a distant 
object; for instance, on a house in bright light. If the 
horizon is not far enough distant, an object can be 
taken comparatively near (at least twenty-five or 
thirty meters), then in order that the position shall 
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vorrespond with infinity, move the ground glass toward 


f 
the lens a distance pus f being the focal distance 
1 


of the lens, and k the number of times that the dis- 
tance of the object which has been focused contains 
the focal length of the lens, For instance, if an object 
twenty meters distant has been focused with a lens, 
of which the focal length is twenty-five centimeters, 
9 
then we get k = = 80. In order that the clouds 
25 
may be infocus, the ground glass must be brought a 
25 
distance of — = 0°32 em., about 3 willimeters, nearer 
79 


the lens. Of course the focus must be got with the 
colored screen, and the position thus found must be 
marked on the base of the camera, in order that the 
position of the frame may be known, 

3. Development.—No mode of development must be 
rejected a priori: even developers called automatic, 
which can be bought ready prepared, and which have 
been very much run down, for they are by far the most 
convenient, and often give excellent results, 

If the negative that we wish to develop contains 
only clouds of more or less the same intensity, the 
automatic developers may be used without anv risk. 
I have used baths of hydroquinone, Lumiere’s developer 
(of paramidophenol), ete., with success. It is advan- 
tageous to use baths which have already been used, 
and consequently containing a good proportion of bro- 
mide; a great contrast is then obtained between the 
clouds and sky, and the development can be carried 
farther without fear of fogging. 

If, on the contrary, the negative consists of clouds 
of very unequal luminous intensity, as for instance de- 
livate cirrus and strongly lighted cumulus, the nega 
tive would not turn out well with automatie develop- 
ers containing much bromide; the image of the cumu- 
lus would appear, and be over-devel oped before that of 
the cirrus had begun to show itself. In this case either 
a new bath must be used, very diluted, without brom- 
ide, and the development is then very slow, or else 
(which is preferable) use pyrogallie acid, in employing 
the method recommended by M. Londe. In this case 
the development must be commenced with a very 
small quantity pyrovallic avid, a little bromide, and re- 
latively enough carbonate of soda, in such a way as to 
make all the parts of the image appear at first, with- 
out much intensity ; then the necessary intensity will 
be obtained little by little, by the successive additions 
of pyrogallie acid. Itis in this case only, where the 


intensity of the clouds is very different, that [ think | 


it advantageous to recommend progressive develop- 
ment instead of pyrogallic acid. In most ordinary 
cases, however, the automatic developers, which are 
more rapid, and more convenient to use, act very well. 

In fact it is always as well to continue the develop- 
ment till the image is sufficiently dense, without in- 
tensifying, which is almost always possible. Negatives 
ought only very exceptionally to be intensified : to 
my mind, the intensification is always bad. It spoils 
the detail. A renewed or feeble negative is never worth 
as much as one that was made sufficiently dense in the 
first instance, 

If I have gone into all these details, it is only to show 
that photography of clouds is a very easy operation, 
and within the reach of all amateurs. And let me 
just add, that with the darkest screen (saturated bi- 
chromate) and Prazmowski’s lens, with a focus of 160 
millimeters and diaphragm of gy, I obtain negatives 
with a maximum exposure of six seconds for cirrus, 
with an ordinary amount of light with a Zeiss’ object 
glass, a diaphragm of ¢, and very bright cirrus, having 
an exposure of ,'; of a second, has sometimes been more 
than sufficient, even too much. 

It would be very interesting if amateurs in photo- 
graphy, so numerous at the present time, would try to 
photograph clouds which strike them as having in- 
teresting shapes, noting with care the hour when they 
were taken, and also the direction in which the clouds 
appeared. 


Nore.— American workers will find American isochromatic and ortho- 
chromatic plates, as well as the prepared metol and hydroquinone develop- 
ers, answer equally as well as the plates and develop2rs named, It is inter- 
eating to note that the bichromate cell is recommended as being the most 
reliable and is the same as has been adopted by the United States Weather 
Bureau in the photography of clouds.—Eps. Screntiric AMERICAN Sup- 
PLEMENT. 


ON THE ACTION OF THE X RAYS 


THE DIAMOND. 


By ABEL BUGUET and ALBERT GASCARD. 


UPON 


THE transparency of the different varieties of ear- 
bon and of its non-metallic compounds, established 
by Prof. Roentgen and then by the experimentalists 
who have studied the X rays, may serve to distin- 
guish clearly the diamond from its imitations made 
of very opaque substances. 

The proofs which we have the honor to submit to 
thé academy show in juxtaposition silhouettes of 
genuine diamonds and of imitations, both loose and 
set. Prolonged exposure soon succeeds in causing the 
silhouettes of genuine diamonds to disappear, while 
false diamonds continue to behave like opaque sub- 
stances. The same procedure has also allowed us to 
distinguish natural jet from its mineral imitation. 

In addition to this graphic method, we have tried 
an optical method, in which we have tried the fluor- 
escence studied by Prof. Roentgen. Diamond and 
jet, if interposed between the Crookes tube and a leaf 
of paper covered with a fluorescent substance (e. g., 
barium platino-cyanide), project upon the paper 
shadows lighter than those which appear benenth imi- 
tations placed near. 

Here, then, we have two very certain tests: The 
graphic method leaves an irrefutable document, while 
the optical method is instantaneous. They will easily 
come into practical use, since a precious stone may be 
tested even in its setting, and without running any 
risk.—Comptes Rendus, cxxii, p. 457. 


A SIMPLIFIED PHONOGRAPH. 


THE phonograph, after remaining for many years 
an instrument “de luxe” of a price that placed it be- 
yond reach, seems now to have become an object of 
diversion that may be easily procured. We recently 
described a new and very interesting model actuated by 
clock work,* and now propose to make known another 
actuated by the same Kind of mechanism. It perhaps 
does not reach all the perfection of details found in 
the apparatus just mentioned, but it marks a genuine 
progress over the sinall phonographs used in the talk- 
ing doll and talking watch that have already been de- 
scribed in this journal. 

The principle of this phonograph, which is due to 
Mr. Lioret, remains always the same. The impressed 
cylinders are made of celluloid and may be fixed upon 
a shaft set in motion by an ordinary clockwork that is 
wound up with a key. No. 2 of the accompanying 
Fig. 1 shows us the clockwork movement and the ad- 











Fie. 1.—A SIMPLIFIED PHONOGRAPH. 
1. Details of the vibrating disk. 2. General arrangement. 


justed cylinder. Above, there is fixed a vibrating disk 
with rubber transmitters of a style already well known. 
The trumpet for loud voice auditions presents a few 
interesting peculiarities. It is shown in section in No. 
lof Fig. 1. The vibrating disk is a sheet of mica 
placed at the bottom. Upon this rests externally a 
metallic rod bent into the shape of a hook, and held 
by a screw placed in the interior of the trumpet. This 
arrangement assures a certain sensitiveness of the 
disk. The words are not always very distinct, but the 
|airs of flourishes are remarkable. We have operated 
this interesting little phonograph on several occasions. 
Without attaining the perfection of details of the sim- 
ilar apparatus that we have hitherto made known, 
it constitutes a very simple and amusing toy that will 
be capable of captivating even grown people. 

Fig. 2 shows another model of the phonograph still 
simpler than the first, and which constitutes the play- 
thing that is now ready to be placed in the hands of 
children. The mechanism is the same as that de- 
scribed above, but the clockwork movement is simpli- 
fied and is similar to that used in talking dolls. At 
the side is the celluloid cylinder, which may be easily 
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Fie. 2—PHONOGRAPH FOR CHILDREN, 


The vibrating disk is analogous to 
the one spoken of above. The trumpet placed above 
| has a cylindrical form. The entire mechanism is in- 
| closed in a box of very strong cardboard which has the 
great advantage of permitting of an easy carriage of 
the apparatus and of at the same time forming a 
sounding box. There is a cover at the top and a small 
door at the bottom for the easy replacing of the cyl- 
inders, 

These two latest models of the phonograph certainly 
constitute up to the present the last expression of 
simplicity in an apparatus that has for a long time re- 
mained a high priced one.—La Nature. 


changed at will. 











A DISCOVERY of much interest has been made in 
Western Kansas. This was the specimen of an extinct 
species of bison, the skull having an expanse of nearly 
four feet. Embedded below the humerus of the skele- 
ton was a small but perfectly formed arrow head. 
The bison has not yet been identified with certainty, 
says Science. The bison skeleton will shortly be 
mounted in the museum of the University of Kansas. 








* SUPPLEMENT, No. 1048, p. 16758. 


X. PH YSICS.—A Simplified Phonograph.—A French phonograph of 


BUILDING EDITIO 


OF THE 


SCIENTIFIC AMERICAN. 


Those who contemplate building should not fail 


subscribe. 
ONLY $2.50 A YEAR. 


Each number contains elevations and plans of 
variety of country houses; also a handsome 


COLORED PLATE. 
MUNN & CO., 36! Broadway, New York. 


T= B a 


Scientific American Supplement. 


PUBLISHED WEEKLY. 


Terms of Subscription, $5 a Year. 


Sent by mail, postage prepaid. to subscribers in any 
part of the United States or Canada. Six dollars @ 
year. sent. prepaid, to any foreign country. 

All the back numbers of THE SUPPLEMENT, from thé 
commencement, January 1, 1876, can be had. Price, 
10 cents each. 

All the back volumes of THE SUPPLEMENT can like 
wise be supplied. Two volumes are issued vearly, 
Price of each volume, $2.50 stitched in paper, or $3.50 
bound in stiff covers. 

COMBINED RATEs.—One copy of SCIENTIFIC AMER 
CAN and one copy of SCIENTIFIC AMERICAN SUPPLK 
MENT, one year, postpaid, $7.00. 

A liberal discount to booksellers, news agents, and 
canvassers, 

MUNN & CO., Publishers, 
361 Broadway, New York, N. Y. 


- 


TABLE OF CONTENTS. 





PAGE 
I. AUTOCARS.— Motor Vehicle Tests.—The engineers submit their 
report of the tests made at Chicago.— Valuable data for makers 
and users alike.—Continuation of this classic and exhaustive in- 
vestigation of the moto-vehicie problem, with formule and data 1604 


CIVLL ENGINEERING.—The Moving of Heavy Bodies in An- 
tiquity.— A most interesting article on primitive engineering de- 
vices.—I1 illustrations 


I. 
16.5 


Ul. ELECTRICITY.- The Blot Accumulator.— Exhaustive report on 
a new secondary battery of the Plante type.—8 illustrations 1643 
IV. MECHANICAL ENGINEERING.— A Curious Old Steam Engine. 
—A most interesting account of an engine probably designed by 
James Watt.—1 illustration..... 

Multiple Boring and Drilling Machines.—Macbines of two dif- 
ferennt types for drilling a number of holes at once, described 
and illustrated.—3 illustrations 1 


. METALLURGY. — The Bessemer Process Controversy.— Presi- 
dential address by Jos. D. WEEKS.—An interesting discussion of 
the question of the inventor of the Bessemer steel process.—3 il- 
lustrations l¢ 

Henry Bessemer’s Answer to Mr. Weeks.—Rejoinder to the 
preceding address on the invention of the Bessemer process.. 


Vi. MINERALOGY.—Gem Fields of the World.—Where the gems 
of the world come from 6 
The Mineral and Metal Production of the United States in 1895.. 16048 


VL. MISCELLANEOUS.—The Dynamite Explosion at Johannes- 
burg.—A vivid description,of a most disastrous expiosion in'South 
Africa.—3 illustrations 
The Saxony-Thuringia Industrial and Trade Exposition at Leip- 
sic in 1897.—Notes on the Exposition of 1897, the buildings and 
grounds, —1 illustration 
Engineering Notes... 


Miscellaneous Notes 


VIII. ORDNANCE.—The Flight of a Modern Projectile. — What 
modern cannon will do graphically shown.—3 illustrations........ 16039 


LX. PHOTOG RAPHY.—Amateur Cloud Photography.—How to pro- 
duce cloud negatives with orthocbromatic plates and color 
AE net ainaneline convinttaiaiietiniess 1649 

Direct Vision Picture Finder.—1 illustration 1649 


simple construction and of effective operation.—2 illustrations.... 160 
Onthe Action of the X Rays Upon the Diamond.—By ABEL 
BUGUET and ALBERT GASCARD.—The identification of the real 


diamond by X rays 


Xi. RAILWAY ENGINEERING... Single Driver Locomotives.—A 
little used type of engine recently built for use on the Philadel- 
phia & Re 

tration 


1690 


XIL. TECHNOLOGY.—Apparatus for Cleaning and Filling Jugs.— 
Cleaning of oil bottles by machinery.—2 illustrations............... 


CATALOGUES. 


A Catalogue of Valuable Papers contained in Scr 
ENTIFIC AMERICAN SUPPLEMENT during the past tet 
years, sent free of charge to any address; also, a com 
prehensive catalogue of useful books by differen 
authors, on more than fifty different subjects, he 
recently been published, for free circulation, at th 
office of this paper. Subjects classified with name 
of authors. Persons desiring a copy have only to as 
for it, and it will be mailed to them. Address 


MUNN & CO., 361 Broadway, New Yor 


16943 





ATENTS! 


MESSRS. MUNN & CO.,. in connection with the pub 
lication of the ScIENTIFIC AMERICAN, continue to examiu 
improvements, and to act as Solicitors of Patents for Inventors. 

In thie line of business they have had nearly fifty years’ experience, a 
now have unequaled facilities for the preparation of Patent Drawin: 
Specifications, and the prosecution of Applications for Patents in th 
United Statee, Canada. and Foreign Countries, Messrs. Munn & Co. ale 
attend to the preparation of Caveats, Copyrights for Books, Labe! 
R . Assi and Reports on Infringements of Patents. A 
business intrusted to them is done with special care and promptness, 0 
very reasonable terms. 

A pamphlet sent free of charge, on application, containing full info 
mation about Patents and how to procure them ; directions concernin 
Labels, Copyrights, Designe, Patents, Appeale, Reissues, Infringemen' 
Aseigumente, Rejected Cases. Hints on the Sale of Patente, etc, 

We also send, free of charge, a Synopsis of Foreign Patent Laws, sho 
ing the cost and method of securing patents in all the principal countri 
of the world. 

MUNN & CO.,, Solicitors of Patents, 
361 Broadway, New York. 


BRANCH OFFICES.-—Nos. 622 and 624 F Street, Pacific Buildw 











near 7th Street, Washington, D. C. 





not fail t§ 


plans of @ 
e 


ers in any 
x dollars a 


nit their 
makers 
stive in- 
nd data 


s in An- 
ring de- 


‘eport on 
Engine. 
igned by 
two dif- 


escribed 


Presi- 


r to the 
he gems 
in 1895.. 


»yhannes- 
in‘South 


at Leip- 
ngs and 


— What 
Bo ees 16 


to pro- 
1d color 


graph of 

tions 

y ABEL 

the real 
cosee & 


ives.—A 
*hiladel- 
—1 ilius- 


Jugs.— 


SO, & COL 
different 
jects, hag 


th names 
nly to ask 
Ss 


w York 





“aL 


